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This  report,  entitled  "Evaluation  of  the  Dust  Cloud  Generated  by 
Helicopter  Kotor  Downwajh",  has  bees  prepared  by  MSA  Research 
Corporation  in  compliance  with  the  tens  of  Contract  OA  44-177- 
AMC-289(T) .  It  presents  the  results  of  as  experimental  program 
conducted  to  define  the  costaadnant  cloud  generated  by  a  heli¬ 
copter  hovering  over  three  sandy  and  dusty  terrains. 

The  original  intent  of  the  program  was  to  use  both  single-  and 
tandem-rotor  helicopters  as  test  vehicles  in  order  to  make  ap¬ 
propriate  comparisons.  Due  to  higher  priority  requirements,  a 
suitable  single-rotor  helicopter  could  not  he  made  available. 
Therefore,  the  H21  tandem-rotor  helico,;Ler  alone  was  used. 

It  ia  believed  that  the  results  of  this  program  provide  inter¬ 
esting  and  needed  information  for  those  involved  in  the  design, 
testing,  and  use  of  helicopter  propulsion  systems  and  related 
components.  Quantities  and  sizes  of  particular  matter  which 
must  be  coped  with  in  aircraft  turbine  applications  are  described. 

The  conclusions  and  recommendations  presented  in  the  report  are 
concurred  in  bv  this  Command. 
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ABSTRACT 


The  dust  cloud  generated  by  a  tandem-rotor  H-21 
helicopter  was  studied  as  a  function  of  type  of  soil,  hover 
height  and  disc  loading.  A  total  of  98  tests  were  made, 
and  three  different  test  sites  were  used.  Samples  were 
collected  at  25  locations  on  the  helicopter.  Analyses  were 
made  for  dust  content  and  particle  size  distribution. 

Average  dust  concentrations  at  the  area  of  highest 
dust  density,  i.e.,  at  rotor  blade  overlap,  were: 


Hover  _ Sampling  Site  (mg/cu  ft) _ 

Height  Phillips  Vehicle  Dust  tee  Dfc 

(ft)  DZ,  Yuma  Course,  Yuma  Ft.  Benning 


1 

10 

75 


12.4  15.5  18.4 

18.5  18.1  17.4' 

5.3  13.6  3. O' 


The  highest  concentrations  were  measured  at  the  site  of  rotor 
blade  overlap,  and  the  lowest  concentrations  were  found  be¬ 
neath  the  rotor  hubs. 

The  maximum  particle  size  decreased  with  increasing 
elevation.  No  partic3.es  over  500  p  were  found  at  any  elevation. 

Dust  concentrations  of  40  mg/cu  ft  were  measured 
during  takeoff  and  approach  maneuvers.  With  another  heli¬ 
copter  hovering  in  the  immediate  area,  concentrations  of 
64  mg/cu  ft  were  measured. 


FOREWORD 


This  report  was  prepared  by  MSA  Research  Corporation 
under  U.  S.  Amy  Aviation  Materiel  Laboratories  Contract  No. 
DA  44-177-AMC-289 (T) .  The  contract  was  administered  under 
the  direction  of  Mr*  Joel  Terry  of  USAAVLABS  as  project 
engineer. 


The  report  is  a  summary  of  work  conducted  during 
the  period  October  1965  to  July  1967. 

Sheridan  J.  Rodgers  was  the  project  engineer  for 
MSA  Research  Corporation.  Ouy  Kennedy  of  MSA  Research 
Corporation  actively  participated  in  the  design  and  fabri¬ 
cation  of  the  test  equipment.  Messrs.  J.  A.  Mangold,  J.  J. 
White  and  W,  A.  Miles  participated  in  the  field  tests. 

Particle  size  and  weight  analyses  were  performed 
by  U.  S.  Army  Waterways  Experiment  Station  under  the  direction 
of  Phillip  Vedros. 

The  helicopter  crew  was  ; upplied  by  USAAVLABS. 
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INTRODUCTION 


Helicopters  operating  over  sandy  or  dusty  soil 
have  experienced  significant  reduction  in  the  lifetime  of 
turbine  engines,  rotor  blades  and  other  exposed  components. 
Airborne  dust  generated  as  a  result  of  rotor  blade  down- 
wash  and  delivered  to  these  critical  components  by  the 
recirculating  air  pattern  around  the  helicopter  is  re¬ 
sponsible  for  this  erosion.  The  dust  distribution  around 
the  helicopter  is  a  function  cf  number  of  rotors,  disc 
loading,  hover  height  and  physical  characteristics  of  the 
soil. 


Much  of  the  effort  to  date  in  defining  the  charac¬ 
teristics  of  the  recirculating  dust  cloud  has  been  either 
laboratory  scale  experiments*  or  mathematical  treatment  of 
the  dust  pattern2.  Some  work  has  been  done  during  actual 
hovering  over  sandy  soil^?^;  however,  no  comprehensive 
study  had  been  nmde  to  evaluate  dust  concentration  and  part¬ 
icle  size  as  a  function  of  the  important  parameters.  Such 
data  are  needed  if  realistic  specifications  are  to  be  estab¬ 
lished  for  turbine  engine  air  cleaners  and  other  critical 
conponents . 


OBJECTIVES  OF  THE  PROGRAM 


The  objectives  of  the  program  were  to  determine 
dust  concentration  and  dust  particle  size,  and  to  equate 
pilot  visibility  with  the  dust  cloud  characteristics.  The 
initial  program  included  the  following  considerations: 

1.  Type  of  craft 

a.  Single  rotor  (H-34) 

b.  Tandem  rotor  (H-21) 

2.  Type  of  soil 

a.  Phillips  Drop  Zone,  Yuma  Proving 
Grounds,  Arizona 

b»  Vehicle  Dust  Cou.;se,  Yuma  Proving 
Grounds,  Arizona 

c.  Lee  Drop  Zone,  Ft.  Benning,  Ga. 

d.  Eglin  Air  Force  Base,  Florida 

e.  Ft.  Sill,  Oklahoma 
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Disc  leading 

a.  Low 

b.  Msdiin 

c.  High 


4.  Hover  height 

a.  1  foot 

b.  10  feet 

c.  75  feet 


Type  of  Craft 

3ecause  of  the  severe  environment,  it  was  decided 
that  helicopters  powered  by  reciprocating  engines  rather 
than  turbine  engines  should  be  used.  An  3-21  wa3  selected 
as  typical  of  a  tandem-rotor  craft,  and  an  3-34  was  selected 
as  typical  of  a  single-rotor  craft.  The  maximum  disc  lor dings 
of  the  H-21  and  H-34  sure  compared  below  with  a  typical- tandem 
rotor  and  single- rotor  turbine  powered  helicopter: 


Model 

Normal  Gross 
Weight  (lb) 

Rotor 

Diameter  (ft) 

Disc 
Loading  (lb 

H-21 

13,500 

44 

4.4 

H— 47 

33,000 

59 

6.0 

H-34 

13,000 

56 

5.3 

UH-1 

8,500 

44 

5.6 

An  H-21  was  made  available  but  an  H-34  could  not  be  procured 
for  the  program;  hence,  all  data  in  thir  report  are  based  on 
the  characteristic  distribution  associated  with  a  tandem-rotor 
craft. 


Type  of  Soil 

Particle  size  distribution  of  soil  samples  at  the 
test  sites  is  shown  in  Figure  1.  All  soil  samples  were  normal¬ 
ized  to  a  maximum  of  500  ;i  since  particles  larger  than  this 
were  not  recirculated.  Phillips  Drop  Zone,  Yana  Proving 
Grounds,  Arizona,  had  the  most  coarse  sand;  50%  of  the  sand 
was  larger  than  300  )i.  The  sand  at  Lee  Drop  Zone,  Ft. 

Benning,  Ga.,  v/as  finer  than  Phillips  Drop  Zone  sand,  with 
50%  of  the  narticles  being  larger  than  220  In  two  in¬ 
stances,  the  pilot  lost  all  ground  reference  at  10  feet. 

These  both  occurred  at  the  Vehicle  Dust  Course. 
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Figure  1.  Particle  Size  Distribution  at  Tost  Sites 
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No  analyses  were  made  for  particle  geometry  or 
chemical  composition.  If  the  program  had  included  an  evalu¬ 
ation  of  erosion  of  structural  materials,  then  such  analyses 
would  have  been  required. 

Although  the  original  program  specified  5  test 
sites,  only  3  sites  were  used  for  testing,  due  to  limited 
funding.  The  particle  size  characteristics  of  the  soils  at 
the  3  test  sites  were  sufficiently  different  for  adequate 
coverage  of  the  various  types  of  terrain  with  the  data 
bracketed  by  a  very  coarse  and  extremely  fine  sand. 


Disc  Loadinc 


The  weight  penalty  imposed  by  the  sampling  equip¬ 
ment,  personnel,  necessary  fuel,  and  so  on,  limited  the  range 
over  which  disc  loading  could  be  varied.  Disc  loading  could 
be  varied  only  from  3.5  psf  to  4.1  psf  or  by  approximately 
15%.  The  deviation  of  duplicate  runs  was  larger  than  this; 
hence,  no  correlation  could  be  made  with  respect  to  disc 
loading. 


Hover  Height 


Tests  were  made  at  1,  10  and  75  feet.  The  1-foot 
and  10-foot  elevations  represented  an  in-ground-effect  con¬ 
dition,  and  the  75-foot  elevation  represented  an  out-of¬ 
ground-effect  condition.  Most  of  the  runs  were  made  at  1- 
foot  and  10-foot  elevations.  The  number  of  tests  made  at  75 
feet  were  limited  by  safety  considerations.  The  1-foot  and 
10-foot  elevations  are  typical  of  many  of  the  missions  re¬ 
quired  of  helicopters. 


Wind  Condition 


In  most  of  the  tests,  the  wind  velocity  was  less 
than  4  mph. 


APPARATUS 


Small  samplers  (8,6  cfm)  located  near  the  fuselage 
were  used  for  the  initial  part  of  the  program.  Data  from 
these  tests  established  the  dust  distribution  in  the  immediate 
vicinity  of  the  helicopter.  The  latter  part  of  the  orogram 
entailed  sampling  at  12,000  cfm  with  sampler  simulating  a 
turbine  engine  inlet.  Location  of  the  simulated  inlet  was 
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selected  on  the  basis  of  the  small-scale  sampling  results, 
with  the  sampling  inlet  located  in  some  of  the  tests  at  the 
area  of  highest  dust  loading  and  in  other  tests  at  the  area 
of  lowest  dust  loading. 

Small-Scale  Samplers 


Figure  2  is  a  diagram  of  the  small-scale  sanmler 
locations.  Twelve  samplers  were  mounted  on  the  starboard 
side  and  eight  samplers  were  mounted  on  the  port  side.  Five 
samplers  were  located  beneath  the  forward  rotor.  The  20 
samplers  on  the  fuselage  were  secured  to  a  framework  mounted 
on  the  fuselage,  and  the  5  samplers  beneath  the  rotor  v/ere 
secured  to  a  boom  extending  through  the  forward  cargo  door. 
Stress  analyses  for  the  framework  and  boom  were  made  by 
Dynasciences  Corporation. 6  Figures  3  and  4  are  photographs 
showing  the  small-scale  sampler  installation;  Figure  4  also 
shows  the  12,000-cfm  sampler  installation. 

Each  sampling  station  was  fitted  with  a  sampler, 
ar  inlet  nozzle,  an  on-off  solenoid  valve,  and  an  adjustable 
valve  to  control  flow  rate.  Cyclone  samplers  (Aerotek 
Industries,  Design  1,  Stainless  steel)  were  used  for  collect¬ 
ion  of  samples.  These  were  100%  efficient  for  particles  8  jx- 
diameter  and  larger;  efficiency  decreased  to  90%  for  3  jj- 
diameter  particles  and  50%  for  1  /i-diameter  particles.  The 
separated  dust  was  collected  in  polyethylene  bottles  attached 
to  the  samplers,  and  the  bottles  were  changed  after  each  test. 

The  inlet  nozzles  were  sized  so  that  the  inlet 
velocity  of  the  air  stream  matched  the  downwash  velocity. 

This  provided  an  isokinetic  sample  at  each  station. 


Figure  5  shows  the  on-off  solenoid  valve.  Ports 
were  provided  in  the  side  of  the  valve  so  that,  in  the  stand¬ 
by  position,  any  dust  forced  into  the  inlet  nozzle  did  not 
enter  the  sampler.  In  each  test,  the  valves  were  maintained 
xn  a  standby  position  until  a  stable  hover  was  attained. 

The  valves  we re  powered  with  two  12-volt  DC  batteries  and 
were  activated  from  on  board  the  helicopter  with  an  on-off 
switch. 
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Figure  2.  Small-Scale  Sampler  Locations 
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re  3.  Sampling  Equipment  -  Port  Side 
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Figure  4.  Sampling  Equipment  -  Starboard  Side 
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Figure 


Solenoid-Operated  Sampling  V  slve 
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The  25  samplers  were  connected  through  a  common 
manifold  to  a  blower  with  a  capacity  of  4 CO  cfm.  The 
blower  was  driven  with  a  3-HP  gasoline  engine.  In  each 
test,  the  gasoline  engine  was  in  operation  prior  to  initia¬ 
tion  of  sampling;  sampling  was  initiated  by  activating  the 
valves • 

12,000-CFM  Sampling  System 

The  inlet  for  the  12,000-cfm  system  was  made  of 
12-inch-diameter  duct  work.  The  inlet  was  located  at  Sanqple 
Station  5  (the  area  of  highest  dust  loading)  for  5  tests 
and  at  Sample  Station  1  (the  area  of  lowest  dust  loading) 
for  5  tests.  The  direction  of  the  inlet  was  varied  in  some 
of  the  tests.  Suction  for  the  12,000-cfm  samples  was 
supplied  by  a  large  blower  powered  with  a  20-HP  gasoline 
engine.  The  dust  was  collected  in  3-foot-diameter  x  6-foot- 
long  dust  collecting  bags  which  were  100%  efficient  for  10  p- 
diameter  particles,  70%  efficient  for  3  yu-diameter  particles 
and  30%  efficient  for  1  ^a-diameter  particles. 

Analysis  of  Dust 

The  dust  samples  were  analyzed  by  the  U.  S.  Army 
Waterways  Experiment  Station  (WES) ,  Vicksburg,  Mississippi. 
Dust  collected  in  the  sample  bottles  in  each  test  was  trans¬ 
ferred  to  small  plastic  vials  and  shipped  to  WES  for  analysis. 
Analyses  were  made  for  total  particle  weight  of  the  dust  at 
each  sampling  station  and  particle  size  distribution  at' 
selected  sampling  stations. 

Each  sample  was  weighed  to  the  nearest  milligram. 
Because  of  the  relatively  small  sample  size,  a  few  grams 
maximum,  the  standard  hydrometer  (sedimentation)  analyses 
for  particle  size  distribution  could  not  be  used.  Instead, 
the  samples  were  first  sieved  to  remove  all  particles 
larger  than  74  p  (U.  S.  Standard  Sieve  No.  200)  ;  particle 
gradation  measurements  were  made  at  the  250  p  and  500  p 
levels,  also.  Material  smaller  than  74  p  was  subjected  to 
a  gradation  analysis  using  a  Coulter  Counter  at  levels  of 
14.5  p,  18  p,  36  p,  58  p  and  74  p.  Sample  size  for  the 
Coulter  Counter  analysis  was  standardized  at  0.02  g,  and 
the  sample  was  dispersed  in  a  1%  NaCl  electrolyte.  Samples 
larger  than  0.02  g  resulted  in  complete  blockage  of  the 
orifice.  Particle  size  analyses  were  run  on  samples  from 
Sample  Stations  1,  5,  6,  17,  22  and  25, 
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TEST  PROGRAM 


The  framework,  samplers,  boom  and  blower  were  in¬ 
stalled  on  the  helicopter  at  MSAR.  Debugging  runs  were  made 
to  establish  that  the  samding  system  was  functioning  prop¬ 
erly.  When  it  was  verified  that  the  system  was  operating 
as  intended,  the  samplers  were  removed  and  stored  on  board 
the  helicopter.  The  helicopter  wa3  then  flown  to  Yuma  Proving 
Grounds.  The  samplers  were  reinstalled  at  Yuma  and  the 
sampling  system  was  checked  again. Two  test  sites  were  used 
at  Yuma  Proving  Grounds  -  Phillips  Drop  Zone  and  the  Vehicle 
Dust  Course  -  and  the  helicopter  operated  from  Laguna  Field 
at  the  proving  ground. 

The  test  sites  were  plowed  to  a  depth  of  6  inches 
and  then  disced.  The  areas  which  were  treated  were  100  to 
200  feet  square.  This  area  served  for  6  runs  and  then  was 
plowed  and  disced  again. 

Initial  tests  involved  the  establishment  of  an 
acceptable  sampling  time.  The  requirements  selected  for 
sampling  time  were: 

1.  Sampling  time  must  be  such  that  a  sufficient¬ 
ly  large  sample  could  be  collected. 

2.  Sampling  time  must  not  be  too  long, 
since  the  particle  gradation  of  the 
soil  could  change  over  the  sampling 
period. 

Tests  performed  over  various  time  periods  ranging  from  1  to 
8  minutes  indicated  that  a  4-minute  sampling  time  would  meet 
both  of  these  requirements.  Appendix  I  lists  the  samples 
which  were  taken  during  the  program. 

Approximately  25  samples  were  taken  at  each  te3t 
site  at  Yuma  Proving  Grounds.  This  covered  a  calendar  period 
of  March  to  May  of  1966.  During  this  period,  the  rotor  blades 
were  replaced  three  timos  and  the  engine  was  replaced  once. 

Severe  erosion  of  the  rotor  blades  was  observed 
after  a  few  minutes  in  the  dust.  In  the  first  few  tests, 

3  layers  of  wood  on  the  leading  edge  were  worn  away  after 
20  minutes  of  hovering  in  dust.  The  blades  were  taped  for 
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all  subsequent  tests  to  minimize  erosion.  In  general,  the 
tape  lasted  through  3-4  tests  (12-16  min} ,  and  it  was  stand¬ 
ard  operating  procedure  to  replace  the  tape  at  least  once 
per  day. 


After  the  small-scale  testing  was  completed  at  Yuma 
Proving  Grounds,  the  sampling  equipment  was  dismantled  and 
forwarded  to  Ft.  Banning,  Ga.  The  helicopter  was  flown  to 
Davis-Monthan  AFB,  where  metal  blades  were  installed.  It 
was  then  ferried  to  Ft.  Benning,  Ga.,  where  the  samplers  were 
~  reinstalled  and  testing  was  initiated. 

The  leading  edges  of  the  rotor  blades  were  covered 
with  a  1/8-inch-thick  polyurethane  film  manufactured  and 
installed  by  the  B.  F.  Goodrich  Company.  This  provided 
excellent  protection  for  the  leading  edges.  However,  the 
unprotected  tip  caps  were  completely  e-oded  through  after 
25  tests  (Figure  6) . 

Tests  at  Ft.  Benning  were  made  at  Lee  Drop  Zone. 

The  test  area  there  was  also  plowed  to  a  depth  of  6  inches 
and  disced.  The  helicopter  operated  out  of  Lawson  Field  at 
Ft.  Benning. 

After  the  tests  at  Ft.  Benning,  the  helicopter  was 
returned  to  MSAR  and  the  12,000-cfm  sampling  system  was  in¬ 
stalled.  The  system  was  tested  and  then  dismantled,  crated, 
and  shipped  to  Yuma  Proving  Grounds.  The  equipment  was  re¬ 
installed  at  Yuma  and  the  final  phase  of  testing  was  initiated. 
All  simulated  engine  inlet  samples  were  taken  at  a  1-foot 
hover  height;  the  total  weight  of  the  craft  was  12,850  pounds. 
Eight  tests  were  run  at  Phillips  Drop  Zone  and  two  were  run 
at  the  Vehicle  Dust  Course. 

A  typical  test  procedure  for  small-scale  sampling  was 
as  follows: 

1.  Install  clean  sample  collection  bottles. 

2.  Set  up  visual  targets,  when  required. 

3.  Secure  stable  hover  at  desired  elevation. 

4.  Activate  sampling  equipment. 

5.  Sample  for  4  minutes. 
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6.  Take  photographs  of  targets,  dust  cloud, 
and  so  on,  when  required. 

7.  Deactivate  sanpling  equipment. 

C,  Terminate  hover, 

5.  Reverse  and  cap  saaple  bottles. 

The  dost  samples  were  transferred  from  the  sample  bottles  to 
plastic  sample  vials  and  shipped  to  nES  for  analysis.  The 
large-scale  runs  were  performed  in  the  sane  fashion;  in  add¬ 
ition,  the  dust  collection  bags  were  changed  after  each  run. 
The  notion  pictures  which  were  taken  have  been  edited  into 
a  20-air.ute  filn. 


RESULTS  AND  DISCUSSION 


height  and  particle  size  analysis  for  the  snail- 
scale  tests  are  presented  in  Appendix  II.  Appendix  III  lists 
the  results  of  the  large-scale  tests.  The  following  dis~ 
cussion  of  results  is  presented  in  terns  of  either  average 
or  maximum  values. 

Small-Scale  Tests 


Figure  2  shows  the  locations  of  the  small-scale 
samplers.  These  included  12  on  the  starboard  side,  8  on  the 
port  side,  and  5  beneath  the  forward  rotor  blade.  Results 
obtained  with  Sampler  No.  20  were  of  questionable  value  due 
to  repeated  malfunction  of  the  soleniod  valve;  the  results 
of  Sample  Station  20  are  not  included  in  the  summary. 

Tables  I ,11  and  III  list  the  average  and  maximum  dust 
concentration  for  each  sampling  station.  Figures  7,  8  and  9 
show  schematically  dust  distribution  around  the  helicopter 
at  each  sampling  site.  Distribution  near  the  fuselage  and 
beneath  the  forward  rotor,  starboard  side,  is  based  on  samp¬ 
ling  data.  Distribution  at  distances  beyond  1-1/2  feet  from 
the  fuselage  was  extrapolated  from  the  sampling  data.  For 
selection  of  an  engine  air  inlet  location,  or  for  prediction 
of  the  amount  of  dust  which  must  be  removed  by  a  filter  or 
separator,  only  the  distribution  near  the  fuselage  need  be 
considered. 
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Note: 

"feat a  represents  average 
concentration  measured  at 
1-foot  hover  height. 


Distribution  -  Lee  Drop  Zone 


The  area  of  lowest  dust  concentration  (0-15  mg/cu  ft 
was  beneath  the  rotor  hubs.  The  highest  dust  concentration 
(25+mg/cu  ft)  was  near  the  area  of  rotor  blade  overlap,  but 
concentration  was  also  high  at  distances  corresponding  to 
about  1/3  to  2/3  the  rotor  radius. 

Dust  concentrations  were  measured  at  hover  heights 
of  1,  10  and  75  feet.  Maximum  values  as  a  function  of 
location  in  the  fuselage  are  shown  in  Table  IV.  High  Con¬ 
centrations  were  assured  at  1  and  10  feet,  while  concen¬ 
trations  were  significantly  lower  at  75  feet.  The  highest 
concentration  at  75  feet  was  found  at  the  Vehicle  Dust 
Course;  this  was  attributed  to  the  smaller  particle  size  of 
the  dust  at  that  site. 

Large-Scale  Tests 

The  large-scale  (12,000  cfm)  sampling  inlet  was 
mounted  at  the  area  of  highest  dust  loading  (Sample  Station 
No.  5)  for  5  of  the  tests,  and  at  the  area  of  lowest  dust 
loading  (Sample  Station  No.  1}  for  5  of  the  tests.  At 
Sample  Station  No.  5,  the  inlet  was  facing  upward  for  2  of 
the  tests  and  to  the  side  for  3  of  the  tests.  The  upward- 
facing  inlet  duplicated  the  inlet  direction  for  the  small- 
scale  samplers,  and  the  horizontal  inlet  simulated  the  inlet 
positioning  for  a  turbine  engine.  At  Sample  Station  No.  1, 
the  inlet  was  faced  horizontally  for  2  tests,  and  was  pointed 
down  for  3  tests.  Again,  the  horizontal  configuration  simu¬ 
lated  normal  turbine  inlet  geometry;  the  downward- facing 
tests  were  run  to  see  if  that  configuration  would  reduce 
the  quantity  of  dust  ingested. 

_  Table  V  lists  the  results  of  the  12,000  cfm  saaqplen 

The  results  were  slightly  higher  than  those  found  with  the 
small-scale  samplers,  but  still  in  the  same  range.  Direction 
of  the  inlet  nozzle  appeared  to  have  some  influence  on  the 
amount  of  dust  ingested.  For  example,  at  Sample  Station 
No.  1,  the  maximum  concentration  determined  with  the  nozzle 
in  a  horizontal  position  was  4.5  mg/cu  ft,  while  the  average 
concentration  with  the  nozzle  pointing  downward  was  3.7 
mg/cu  ft. 


Figures  10,  11  and  12  compare  the  particle  dis¬ 
tribution  at  various  elevations  with  the  particle  size 
distribution  of  the  terrain.  The  particle  size  of  the  re¬ 
circulated  dust  was  smaller  than  the  particle  size  of  the 
terrain.  At  Phillips  Drop  Zone,  95%  of  the  terrain  particles 
were  larger  than  100  fa,  whereas  the  recirculated  dust  showed 
63%  >100  /U  it  a  1-foot  height,  57%  >100  at  a  10-foot 
height,  and  27%  >100  ja  at  a  75-foot  height. 
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The  terrain  in  the  immediate  vicinity  of  the  heli¬ 
copter  (out  to  at  least  20  feet)  was  visible  in  all  tests. 

At  1  and  10  feet  hover  heights,  the  horizon  was  completely 
obscured,  but  at  75  feet  the  horizon  was  visible.  On  two 
occasions,  at  10  feet  hover  height,  the  pilot  lost  all 
ground  reference.  However,  this  was  not  during  a  stable 
hover,  but  occurred  after  completion  of  a  test  and  during 
attempts  to  pull  out  of  the  cloud  and  leave  the  area.  It 
became  standard  operating  procedure  to  set  down  after  tests 
at  1  and  10  feet  and  allow  the  cloud  to  dissipate  before 
taking  off. 

An  attempt  was  made  to  correlate  pilot  visibility 
with  dust  cloud  characteristics.  A  radiometer  was  mounted 
on  board  the  helicopter  to  measure  light  intensity  during 
the  initial  runs.  This  technique  was  not  suitable  because 
the  radiometer  sensed  both  reflected  and  transmitted  light. 

For  some  of  the  runs,  numbered  targets  were  posi¬ 
tioned  in  front  of  the  helicopter  at  distances  of  50,  75, 
100,  125  and  150  feet,  and  photographic  and  visual  obser¬ 
vations  were  recorded.  The  targets  were  white  with  black 
numerals  and  were  of  high  contrast  compared  with  the  back¬ 
ground  of  dust  and  terrain.  The  targets  were  visible  to 
varying  degrees.  At  the  Vehicle  Dust  Course,  the  target 
at  50  feet  was  intermittently  visible.  At  Lee  Drop  Zone, 
the  target  at  50  feet  was  always  visible  and  the  target 
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at  150  feet  vas  occasionally  visible  (Figure  13) .  Objects 
of  lew  contrast  cculc  net  be  seen  beyond  10-20  feet. 

The  dust  cloud  was  viewed  free  another  helicopter 
flying  overhead ,  and  photographs  were  taken.  The  observa¬ 
tions  indicated  that  the  helicopter  was  surrounded  by  a 
dense  coughnut-shaped  cloud  (Figure  14) .  Although  the 
helicopter  was  completely  visible  frets  above,  it  was  not 
visible  tc  a  viewer  standing  co  the  ground  outside  of  the 
cloud  (Figure  14) . 

Overhead  photographs  of  a  UD-lD  were  cade,  also. 
These  showed  a  cloud  of  sinilar  shape  (Figure  15)  •  However, 
the  dense  part  of  the  cloud  was  not  as  far  fren  the  UD-lP 
as  it  was  free  the  H-2I.  Visually,  it  appeared  that  the 
dust  concentration  near  the  UH-1D  was  higher  than  that  near 
the  E-21. 


Effect  of  Another  Helicopter  Hoverinc  !*earb% 


Two  tests  were  run  in  which  an  H-34  hovered  about 
100  feet  free  the  H-21.  This  changed  the  recirculation 
pattern  and  increased  the  dust  concentration  arcund  the  H-21 
by  an  average  factor  of  about  5.  Dust  concentrations  during 
takeoff  and  landing  maneuvers  increased  the  average  dust 
concentration  by  a  factor  of  about  3. 


Effect  of  Takeoff  and  Landinc 


A  few  runs  were  cade  in  which  the  helicopter 
landed,  the  dust  cloud  was  allowed  tc  clear,  ana  then  the 
helicopter  took  off.  Dust  concentrations  cade  during  these 
maneuvers  were  higher  them  the  stable  hover  values  by  a 
factor  of  about  3. 


CONCLUSIONS  AND  RECOMMENDATIONS 


The  following  conclusions  were  cade  from  this 

study: 

1.  The  area  of  lowest  dust  concentration 
is  near  the  rotor  hubs  (average  *=  2-4 
mg/cu  ft  at  1  £oot  hover  height) . 


Figure  14.  Dust  Cloud  Characteristics 
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TABLE  VI.  SUMMARY  OF  FT .  BENNING  RUNS 


APPENDIX  I 

SUMMARY  OF  TEST  CONDITIONS 


2.  The  highest  dust  concentration  is 
near  the  area  of  rotor  blade  over¬ 
lap  (average  -  12-18  mg/cu  ft  at 

1  foot  hover  height) . 

3,  Takeoff  and  landing  maneuvers  in¬ 
crease  the  dust  concentration  by  a 
factor  of  about  3. 

4,  Another  helicopter  operating  nearby 
increases  the  concentration  by  a 
factor  of  about  5. 

5.  Particles  greater  than  500  fi  are 
not  recirculated. 

The  following  recommendations  are  made: 

1.  Photographic  coverage  of  a  UH-1 
and  a  CH-47  should  be  made  and 
compared  with  existing  H-21 
photographs. 

2.  A  limited  number  of  samples 
should  be  taken  using  a  UH-1 
to  establish  single-rotor  dust 
cloud  characteristics. 

3.  A  sampler  mounted  near  the 
inlet  of  an  operational  heli¬ 
copter  would  provide  a  firm 
basis  for  a  specification  for 
inlet  air  cleaners. 
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TABLE  VI.  SUMMARY  OF  FT.  BENNING  RUNS 


SUMMARY  OF  VEHICLE  DUST  COURSE  RUNS 
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TABLE  VIII.  SUMMARY  OF  PHILLIPS  DROF  ZONF  RUNS 
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87.91  25.5  19.8  15.6 


17.2 


12.8 


16.4 


16.5 


88. C 

23.0! 

90.7 

30.0 

86.4 

24.3 

96.7 

38.9 

laMHH 

78.3 

8.0 

WWMWH 

*  No  Sample  Submitted 
**  Sample  Too  Small  For  Gradation 
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1 


I 


Run  No.  1— v—6 


Gradati.cn  Test  Results 


Sample 

No. 

■  Dust  Content 
(mg/cu  it) 

Percent  Finer  b 

’XSTiSIMHHflHH 

5 00  fi 

250  u 

mrrm 

5«  JU 

36  ja 

18  V 

14.5*1 

1 

0.3 

** 

2 

0.6 

*  * 

3 

0.3 

m 

4 

0.9 

** 

5 

0.9 

** 

MM 

0.9 

eg 

u 

|  | 

mm 

0.3 

5 

H 

0.5 

** 

9 

— — 

1C 

0.6 

** 

11 

0.3 

** 

.  _ 

MHM 

12 

0.3 

| 

S 

13 

0.3 

** 

B 

14 

— 

15 

0.8 

** 

16 

0.5 

m 

MM 

1.3 

18 

0.5 

** 

19 

1.5 

- 

20 

0.3 

** 

21 

0.3 

** 

22 

0.3 

** 

L. 

23 

0.6 

wm 

II 

24 

0.9 

us 

wm 

25 

0.9 

*  * 

— 

-  - - 

•  No  Sample  Submitted 
**  Sample  Toe  Small  for  Gradation 
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<10 


l-Y-7a 


Gradation  Test  Results 


Run  Mo. 


Sample 

i  Dust  Content 

Percent 

Finer  b 

y  Height  | 

Ho. 

(mg/cv  ft) 

500  il 

E5H3 

\mzrm 

58  * 

36  Jtx 

mom 

ESP 

1 

1.2 

■ 

IHH 

2 

2.6 

3 

3.9 

4 

14.5 

5 

14.0 

100.0 

KB 

44.8 

mmm 

15.5 

12.9 

10.4 

6 

8.2 

100.0 

BSI 

59.6 

43.2 

26.12 

16.6 

13.6 

7 

7.2 

8 

4.9 

9 

3.6 

mm 

10 

4.1 

100.0 

mm 

52.9 

33.8 

16.1 

12.6 

11 

■Qi 

•  * 

13 

13 

1.7 

14 

mm 

** 

15 

■HH 

— 

16 

NHm 

17 

2.5 

IBS? 

BEBS 

59,6 

HER 

18,6 

11.6 

wm 

It 

1.7 

19 

_ hi 

_  -  - 

30 

3.0 

II 

mm 

31 

2.8 

mm 

33 

22.4 

100.0 

99. 1 

69,2 

51.8 

Bn 

16.6 

12.2 

33 

10.3 

MU 

H 

24 

11.9 

j 

25 

13.7 

100.0 

96.2 

48.8  1 

36.3 

15.6 

9.9 

.  7-3„ 

*  No  Sample  Submitted 
**  Sample  Too  Small  Tor  Gradation 
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r 


1 


l 


/ 


I 


Run  No.  l**Y**7b 


Gradation  Test  Results 


Sample 

No. 

i  Oust  Content 
(i*g/cu  ft) 

Percent  Finer  by  Weight  | 

..,5.00  J« 

250  M 

,  J 

58 

36  /I 

1«  M 

14.5  41 

1 

2.3 

— 

2 

4.0 

3 

6.5 

4 

37.8 

5 

27.9 

99.8 

95.9 

16.9 

11.8 

MB 

4.0 

1 

6 

18.6 

o 

• 

o 

o 

H 

96.9 

25.5 

15.9 

11.0 

5.9 

KKI 

7 

1S.1 

8 

7.7 

9 

— — 

10 

4.9 

K|K 

92.9 

17.9 

8.0 

5.5 

3.6 

mm 

11 

v|n 

12 

4.4 

13 

6.5 

■a 

15 

3.5 

16 

4.3 

17 

6.7 

100. c 

90.8 

35.2 

23.1 

9.8 

5.9 

mm 

16 

4.7 

19 

19.9 

MM 

20 

S25 

S 

21 

Bi 

mm 

22 

21.6 

100. c 

98.6 

39.2 

18.0 

8.3 

5.2 

23 

24 

22.2 

_ 

mm 

19.0 

100. c 

3.9 

*  No  Sample  Submitted 
**  Sample  T^o  Small  For  Gradation 


t 


3 


42 


osr? — iwawawi  J'H  aww  nMWjmraw.wiif.’iW 


Kun  No 


l-Y-9 


Gradation  Test  Results 


Sample 

Ho. 

:  Dust  Content 
(mg/cu  ft) 

Percent  Finer  by  Weight  f 

500  V 

250  jU 

..7<  2 

58  M 

36  M 

1R  /I 

14.5/J 

1 

m 

2 

mm 

3 

4*2 

4 

13.4 

|| 

|| 

5 

18.3 

24.9 

18.8 

10.7 

mm 

■H 

6 

7.3 

100.0 

98.8 

51.5 

43.5 

24.0 

12.0 

7.6 

7 

12.3 

8 

4.7 

9 

3.9 

• 

10 

2.3 

100.0 

100.0 

52.1 

36.1 

16.4 

11.0 

8.0 

11 

0.9 

** 

12 

1.2 

fgm 

mm 

13 

msm 

ii 

mm 

- 

14 

4.8 

15 

16 

hbbh 

17 

13.6 

100.0 

98.2 

49.8 

40.1 

22.9 

11.8 

7.2 

18 

m wm 

19 

23.8 

20 

6,9 

21 

0.3 

** 

22 

1.1 

100.0 

100.0 

45.7 

31.0 

15.3 

9.9 

8.2 

23 

0.8 

1^9 

24 

4.3 

25 

5.9 

mm 

95.0 

37.5 

24.3 

6.9 

4.7 

3.2 

*  No  Sample  Submitted 
**  Sample  Too  Small  For  Gradation 
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t 


Run  Ho 


l-Y-9a 


Gradation  Test  Reor.lts 


5ot.pl* 

i  Oust  Content 

Percent 

Finer  b 

^EsrssnninHHi 

No. 

(mg/cu  ft) 

500  fl 

ran 

EV9 

58  ju 

36  M 

1R  Ai 

EQ93I 

1 

0.6 

•  * 

— 

2 

0.9 

•  * 

3 

mmm 

Mm 

4 

mmm 

5 

3.5 

6 

4.3 

_ 

m 

5.6 

■a 

2.2 

.  _ 

■3 

1.7 

II 

io 

1.2 

■■ 

s 

11 

1.7 

»*  • 

-- 

12 

0.9 

•* 

mmm 

** 

14 

mmm 

| 

* 

15 

1.9 

16 

2.4 

17 

3.3 

ii 

18 

00 

. 

o 

■91 

19 

3.9 

20 

0.9 

** 

21 

0.6 

■ZB 

22 

6.8 

23 

3.3 

24 

4.5 

L  25 

— — 

*  No  Sample  Submitted 
*•  Sample  Too  Small  For  Gradation 
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45 


* 


No.  l-Y-12 


Gradation  Test  Results 


Sample!  Dust  Content  Percent  finer  by  Weight 

No.  j  (»g/cu  ft)  |  500  ii  I  250  * **1  |  74  ju  I  58  ju  f  36  M  I  1R  /u  i  14 


97.7 


5 

'MTSM 

100.0 

97.4 

24.6 

15.5 

8.7 

5, 

4 

iW 

6 

wm 

9 

100.0 

96.8 

46.4 

35.1 

22.3 

8. 

1 

eh 

19.0 


6.6 


6 


0.3 


0.1 


6 


11.9 


100.0 

98.9 

L  22.8 

1  14.8 

100. Ol  97.11  36.2 


20.9 


15. 


100.0 

95.7 

29.5 

18,7 

12.4 

100.0 

97.0 

25.0 

20.6 

18.3 

6.5 

5.0  ! 

100.0 

96.0 

30.4 

18,9 

BtwBlBwMHCI 

*  No  Sample  Submitted 

**  Sample  Too  Small  For  Gradation 


i 


I-Y~12a 


Gradation  Test  Results 


Run  No* 


Sample 

Ho. 

i  bust  Content 
(mg/cu  ft) 

Percent  Finer  by  Weight  f 

500  jU 

.250.^. 

74  to 

58  to 

36  to 

IB  to 

14.5/1 

■a 

1.0 

** 

mm 

2 

1.0 

** 

mm 

3 

0.6 

** 

■i 

4 

2.4 

100,0 

43.8 

28.8 

19.7 

8.9 

■n 

5 

1.6 

100.0 

100.0 

33.4 

22.5 

12.7 

mm 

HS 

6 

mmm 

MB 

■  | 

7 

— 

SI 

e 

Q.7 

B 

u 

9 

mam 

am 

10 

0.5 

** 

mm 

11 

0.1 

** 

mm 

12 

0.1 

** 

13 

0.4 

1 

SSI 

wmsm 

i 

mm 

15 

0.9 

B 

...  _  _ 

S 

16 

1.2 

B 

17 

L  It  g _ 

100.0 

100.0 

55.4 

38.8 

19.4 

13.0 

na 

18 

mmm 

BPI 

19 

3.5 

100.0 

100.0 

55.0 

40.3 

21.8 

10.9 

HH9 

20 

1.9 

p^l 

21 

0.1 

B 

22 

_ _ 

warn 

. 

23 

0.5 

h  * 

24 

1.1 

** 

25 

2.1 

W 

JjQlUQ.. 

35.? 

7.3 

_5uJ - 

*  No  Sample  Submitted 
**  Sample  Too  Small  For  Gradation 
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Gradation  Test  Results 

Stan  Ko.  I"'-- 13 _  1 


Run  No 


I-Y-14 


GreJatien  Test  Results 


Sample 

HO. 

i  Oust  Content 

.  Percent  Finer  by  Weight  j 

(rng/cu  ft) 

j  500 

-If/*.. 

58  b 

36  ju 

1LVJI 

IKZKfJ 

1 

2.6 

2 

4.3 

| 

It 

3 

3.9 

1QQ.Q 

94.^ 

.38.4 

■ 

mu 

4 

13.1 

■H 

5 

14.5 

100.0 

96. < 

27.7 

20.0 

13.7 

■a 

m 

6 

10.1 

100.0 

97. £ 

43.7 

32.6 

24.7 

9.8 

in 

7 

15.3 

8 

5.8 

9 

3.1 

10 

1.7 

100. £ 

96.1 

38.4 

28.6 

22.7 

E9E) 

QESH 

11 

3.2 

Hi 

12 

_ 2,6 . 

13 

2.3 

14 

_ Oa.2 _ _ 

** 

15 

3.8 

16 

_ hi _ 

17 

- &-A _ 

100. Q 

96.5 

43.1 

32.7 

* -  ' 

17-2 

m 

m 

18 

3.3 

19 

11.9 

20 

5.3 

21 

2.0 

100.0 

100.0 

49.3 

22 

_ UdL 

100.0 

98.6 

45.2 

36. £ 

25.0 

im 

q  7 

23 

4.7 

24 

2.0 

25 

7.4 

100.0 

94^1. 

-Haul 

XLJ 

2»LJL 

mm 

2-2~ 

*  No  Sample  Submitted 
**  Sample  Toe  nail  For  Gradation 


Run  No* 


l-Y-15 


Gradation  Test  Reraiti 


aspics  Dost  Content 


HO. 

img/cv  ft) 

S0C  p 

2S0  M 

U±£iJ 

58  Jb 

«V] 

'iZp 

14.5  i 

1 

0.7 

** 

i 

2 

1.1 

** 

i 

3 

1.0 

** 

1 

f 

4 

1.5 

LOO.O 

94.2 

33.2 

S 

2.3 

LOO.O 

93.7 

34.6 

24.5 

19.8 

9.3 

7.4 

6 

2.1 

LOO.O 

95.5 

49.0 

38.7 

22.7 

9.2 

8.6 

1 

1.0 

■»* 

! _ 

9 

1.3 

LOO.O 

94.6 

57.6 

- 1 

_ 1 

9 

0.1 

** 

10 

1.2 

LOO.O 

86.2 

41.3 

11 

0.9 

** 

12 

0.6 

i 

13 

0*6 

** 

H 

0.8 

** 

( 

IS 

1.3 

100.0 

90.5 

51.8 

; 

16 

1.2 

100.0 

94.5 

61.5 

17 

1.2 

100.0 

1 

91.5 

60.1 

52.0 

35.3 

18  „4 

15.6 

18 

0.4 

** 

19 

1.7 

100.0 

94.9 

53.  5 

20 

0.6 

** 

21 

0.4 

** 

1 

s 

i 

i 

. 

22 

1.6 

100.0 

97.2 

67.1 

(44.2 

27.1 

14.3 

11. 

23 

1.4 

100.0 

95.6 

4  5 . 0 ! 

! —  1 

> _ J 

! 

24 

— 

( 

; _ _ _ _J 

r  | 

25 

2.6 

100.0 

94.2 

1  60.9; 

44. .]  | 

35 , 5  j 

19.2 

17. 

•  No  Sample  Subri'tcd 

*  Sample  Toe  Small  Fcr  Gradation 


l-Y-16 


Gradation  Test  Results 


Run  No. 


Sample 

’crcent 

Finer  by  Weight  ~f 

Mo. 

j^22SS3B3B 

pm 

ftidlfJl 

warn 

eh 

36  4! 

■im 

14.5  4i 

1 

0.7 

— 

— 

2 

0.8 

** 

3 

1.0 

** 

4 

■m 

BEE 

94.8 

23. ' 

i 

5 

3.8 

100.0 

31.  'i 

22.0 

-v  A  -» 

19. 5 

6.4 

4.6 

6 

■BM 

BEE 

94.5 

39.0 

25*6 

bi5_j 

9.1 

7 

mam 

_ 

6 

— 

1.2 

: 

, 

9 

0.4 

** 

10 

0.6 

** 

11 

0.4 

b 

12 

0.4 

** 

13 

0.2 

| 

14 

0.6 

*  * 

15 

0.7 

** 

16 

1.5 

100.0 

93.8 

20.9 

17 

1.1 

m 

_  38 

MMB 

B 

II 

IBS 

B 

B 

B 

39.3 

I 

20 

0.4 

B 

|  | 

21 

■  ■ 

1  | 

22 

■M 

ill 

23 

0.6 

■on 

24 

3.0 

100. c 

90.2 

31,4 

23.9 

18.5 

11.6 

10.1 

25 

rrr:- 

3.0 

100. c 

89.2 

39.6 

30.6 

21.5 

ra 

8.0 

*  No  Sample  Sulmiticri 
**  Sample  Tco  Small  For  Gradation 
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I  »>i»»iri^iMn.«iw..lin.mtfw^wMw <w.im^^-,tw.,nW,.mM-.,;>.i-....,.i,.J...J„...,.„^,^>.  — - — - - saaAtuM 


(Sun  J*y 


i-V~18 


Gradation  Tea*  »esulfca 


i 


53 


U  *\v4\JS\  *4'  «^y*' 


-  *s 


Run  Ho, 


l'¥-19 


Gradation  Test  Results 


¥ 


Sample 

Ho. 

1  Dust  Co.-'^-' 
(mg/tru  it) 

Pe?c?nt  Finer  b 

y  Height  J 

500  >1 

IKEi 

mZWM 

58  Jo 

36  jo 

18  JO 

14. S  jo 

X 

14.3 

|| 

| 

2 

19.7 

3 

16.8 

100.0 

94.7 

48.0 

4 

■M 

1  5 

35.5 

99.9 

92.4 

28.2 

23.9 

IBB 

5.8 

mm 

6 

46.3 

99.8 

91.8 

35.9 

31.3 

19.3 

8.2 

5.6 

7 

20.5 

8 

45.0 

m 

— 

9 

— 

B 

B 

10 

99.7 

92.5 

34.1 

29.9 

20.8 

BB 

11 

28.1 

12 

11.1 

Bf 

13 

14.4 

S 

14 

17.4 

mm 

15 

iwKBEfBttm 

— 

■■ 

B 

16 

29.3 

s 

HM 

■■ 

[Ml 

II 

|| 

17 

34.9 

BISS 

tm 

tm 

HR 

Mill 

18 

19.2 

| 

|| 

| 

|| 

| 

|  | 

|| 

19 

38.1 

_ 

II 

BMP 

20 

|  | 

IMi 

ii 

11 

Bjj| 

fBSt 

|PP| 

21 

21.4 

KSE 

B 

» 

35.2 

99.4 

94.0 

44.6 

40.2 

30.2 

12.7 

IBS 

26.7 

24 

27.8 

75 

56.3 

99.5 

90.9 

29.2 

24.6 

16.2 

5.2 

BQ | 

*  Mo  Sample  Submitted 
**  Sample  Too  Small  For  Gradation 


Bun  Mo 


i-y-20 


Gradation  Test  Results 


Sample 

Percent 

Finer  b 

y  Weight  | 

He... 

(mg/cu  ft) 

500.A 

25  0  ,u 

7.<J S.  - 

58  Ai 

36  M 

18  M 

ICDQRI 

1 

33.8 

2 

51.3 

3 

37.1 

4 

66.5 

-  - 

5 

63.9 

100.0 

92.2 

20.9 

wm 

8.6 

6.8 

6.2 

6 

62.5 

99.8 

92.8 

16.7 

wm 

11.3 

EH 

2.5 

7 

50.0 

8 

33.8 

wm 

9 

14.5 

mm 

wm 

10 

24.7 

100.0 

91.2 

19.1 

wm 

MB 

3.3 

2.3 

11 

20.0 

12 

13.4 

1 

13 

10.5 

14 

M 

O 

• 

o 

mm 

. 

15 

i 

1 

_ 

16 

14.9 

Hi 

■  ■ 
■  ■ 

17 

22.6 

99.3 

93.8 

36.9 

24J 

8.5 

B 

WWW 

18 

13.3 

|S||||; 

19 

32.7 

iiilS| 

| 

20 

ia.o 

m 

MB 

m ' 

21 

14-2 _ 

B 

|| 

_ 

22 

Mwm 

BHB 

wm 

wm 

wm 

'  12,4 

5.8 

WWW 

21 

15.3 

■■ 

24 

' 

48.9 

25 

45.8 

99.9 

29,4 

20.2 

11.1 

6.1 

4.8 

*  No  Samp'e  Submitted 
**  Sample  loo  Small  For  Gradation 


nvm  no* 


A —  A  V  >  U 


1 

I 


Staple 

Mo. 

i  Dust  Content 
{mq/CM  ft) 

Percent  Finer  b 

y  Weight  j 

1 

74  ax 

58  21 

36  Ai 

18  AX 

14.5  Ax 

1 

6.7 

1 

2 

9.9 

S 

B 

— 

HH 

mm 

|| 

3 

HEffPRBSili 

S 

B 

MH 

mi 

mm 

n 

i 

4 

17.9 

Mi 

1 

_ 4 

S 

27.6 

®n! 

94.5 

18„1 

16.3 

12.3 

rm 

eh 

ft 

2S.0 

TfH 

96.4 

11.4 

10.5 

m 

mm 

mm 

7 

• 

16.6  ..... 

— 

8 

19.0 

9 

12.9 

lo 

10.8 

99.8 

93.0 

33.0 

27.0 

20.5 

mm 

ESS 

11 

8.4 

— 

12 

B9BB 

■■ 

HH 

mm 

13 

2.8 

1 

14 

msm 

15 

mam 

1C 

1 

4*7 

17 

8.9 

100.0 

96.9 

40.2 

32.4 

EH 

7.8 

Em 

18 

_ _ 

r 

19 

■n 

B 

20 

B 

21 

IPWSSi 

.. 

1  22 

...  8.8 

100.0 

96.8 

60.9 

50.3 

32.9 

16.5 

V6_| 

2i 

16.0 

U 

20.4 

16.5 

100.0 

94.4 

39.9 

32.8 

22.5 

10.0 

7.7 

. . .  >1  !■■!■■  ■■■■  .1  III  .  .1  — ■  I  ■ 

*  No  Staple  Submitted 
**  Staple  Too  Snail  Tor  Gradation 
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Bun  No 


i-y-H3 


Gradation  Test  Results 


Cr*djtira  Test  fttsciw 


Bcr.  Ko.  l-Y-115 


*  No  Sample  Submitted 
**  Senile  Too  Snail  For  Gradation 


Pzs  SO. 


1-7-117 


err'd* ties  Test  I«slt5 


Saw^le 

.  2est  CsaaCeat 

>ere*st 

riser  - 

- 5 

I 

lag/c s  ftl 

rnnrm 

3*  ja 

im 

U±=I^J 

i 

0.4 

B 

fm 

|| 

|| 

!  1 

2 

n 

3 

1.0 

•  • 

4 

0.7 

#* 

_ 

S 

2.3 

H 

93.6 

39.0 

31.7 

B 

SB 

8.1 

t 

1.5 

97.7 

iwi 

EH 

37,8 

mm 

IB 

ES 

7 

0.9 

** 

B 

8 

0.5 

** 

□ 

5 

— - — 

** 

B 

0.9 

** 

II 

0.3 

** 

1.0 

** 

i3 

2.0 

100.0 

87.2 

B 

13.7 

11.7 

5.6 

HU 

14 

1.4 

15 

2.4 

100.0 

88.4 

29.1 

23.3 

17.  & 

3.4 

EH 

16 

0.5 

*  * 

17 

1.7 

109.0 

85.0 

48.4 

39.9 

28.4 

SEB 

11.4 

IS 

_ M _ 

** 

19 

n 

20 

S3 

** 

21 

i.i 

II 

22 

1.0 

B 

23 

0.3 

** 

mu 

|| 

B 

24 

1.9 

100.0 

EH 

23.1 

18.9 

16.3 

9.9 

II 

25 

0*9 

** 

_ 1 

*  *  3  Saniple  Submitted 
**  Sanplc  Too  Swa.l  For  Gradation 
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i«o.  2-Y-2 


Samplep Dust  Content 
Mo.  I  '»g/cu  ft)  j 


Gredatim  Test  Results 


Percent  finer  t 
J  74  yu  }  53  * 


*elgh 

36  ju  I  1*  P 


F= - 

l 

4.1 

160.0 

2 

9.4 

100.0 

3 

10.0 

100.0 

4 

28.8 

99.8 

5 

24.5 

109.0 

6 

3.5 

100.0 

7 

13.1 

100.0 

3 

8.9 

100.0 

9 

3.8 

100.0 

10 

4.8 

100.0 

11 

5.4 

100.  Q- 

12 

13 

6.4 

100.0 

14 

4.7 

99.4 

15 

9.1 

100.0 

16 

2.8 

100.0 

17 

11.4 

100.0 

18 

5.3 

100.0 

19 

21.3 

100.0 

20 

5.7 

100.0 

21 

4.5 

100.0 

22 

18.5 

100.0 

23 

5.1 

100.0 

24 

_ 3.8 

100.0 

25 

6.2 

100.0 

99.8  99.4  51.9 _ 

09,0  99.8  42.7  36.6  23,4 

00.0  99.4  60.1  53.7  33.5 


.6 


11.6 


35.8 


11.7 


*  No  Cample  Submitted 
**  Sample  Too  Small  Tor  Gradation 


m 


Ron  No 


2-Y-3 


Gradation  Test  Results 


SjUMplCt 

NO. 

i  Oust  Content 

Percent 

Finer  by  Weight 

— 

img/cv  rl ' 

500  u 

mam 

58  4 

36  ja 

t4 

14.5  fi 

1 

1.2 

** 

2 

3.1 

1BH 

85.5 

3 

mxm 

98.4 

84.9 

4 

— 

5.8 

98.8 

69.2 

5 

12.8 

99.1 

98.2 

60.4 

49.8 

28.9 

14.9 

11.0 

6 

9.8 

99.4 

66.8 

60.4 

41.6 

20.0 

EH 

7 

5.9 

99.5 

98.4 

81.1 

8 

mwm 

99.7 

97.9 

52.4 

9 

— 

fflfl 

85.4 

10 

5.2 

UBil 

98.1 

78.5 

74.0 

58.3 

27.6 

20.2 

11 

5.9 

.** 

12 

1118111 

HI 

13 

4.1  . 

100.0 

99.0 

77.8 

14 

3.4 

100.0 

99.2 

75.9 

15 

2.8 

100.0 

99,5 

76.2 

16 

1.3 

100. 0 

EBB 

69.9 

17 

5.3 

100,0 

98.6 

56.0 

69.9 

43.5 

25.0 

18 

100.0 

99.3 

82.1 

II 

BH 

19 

5.9 

100.0 

99.6 

72  P  8 

s 

mu 

20 

HH9H 

100.0 

98,8 

75.3 

B 

ii 

21 

3.2 

■** 

Hi 

22 

5.4 

10C.0 

100.0 

81.9 

78.5 

60.4 

33.9 

2.1,0 

23 

2.5 

100.0 

100.0 

80.0 

24 

2.6 

m 

_ 

25 

1.0 

EBB 

6.3 

*  No  Sample  Submitted 
**  Sample  Too  Small  For  Gradation 


ssaatzsasBXsr 


500  H 

im 

5«  ts 

36  ja 

K EES 

mam 

- 

_ 

-- 

IBS'! 

SEH 

37.4 

mm 

99.3 

45.8 

BBS 

23.0 

99 

8.0’ 

liTBCT 

99.6 

25.3 

22.1 

16.5 

8.3 

5.3 

ESI 

99.4 

30.2 

ESE 

ESI 

5.9 

US 

MU 

■ 

||  | 

100.0 

100.0 

35.5 

wst 

14.2 

RI 

r*i 

II  1 

_ _ _ 

■a 

H 

HU 

nu 

M 

mm 

|| 

— 

100.0 

100.0 

52.6 

■m 

mm 

100. 0 

100.0 

43.1 

wm 

24.0 

14.9 

9.6 

100.0 

99,1 

39.8 

-n  ■-  r  .  ri  -  -■  1-1  r 

;ed 

For  Gradation 
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*  Mo  Staple  Submitted 
**  Staple  Too  Swell  For  Gradation 
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Gradation  Test  Reat5its 


Run  No.  2-Y-6 


Sampled  Dust  Content 
Ho.  |  (»g/cu  ft)  I 


0.6 

3.1 

1.3 

2.4 

3.3 

9.4 

-_5a3_ 

9.0 

1.5 

-AeA. 

0.6 

3.1 

6.4 

11.8 

3.6 
6.9 

2.7 
.0,2 

2.2 

1.4 

0.6 

3.8 


h- 

I  13 


500  H 

250  U 

74  M 

LOO.O 

99.2 

52.1 

LOO.O 

97.7 

32.5 

LOO.O 

100.0 

47.0 

Percent  finer  by  Weight 
I  74  ii  |  5§  A  I  36  M  I 


lOO.O 


12.7 

8.2 

15.2 

10.8 

27.5  25.8  19.8  12.9 1  8.9 


(100. 0  99. d  20.4  17.7  11.3 


100,0  100.0  43.21 _ _ 

100.0  99. P  57.6  51.4  SsTTl  21.4|l4.2 


1100.0  1  98.5  I  23.4121.9  I  18.1!  12.1  8.5 


*  No  Sample  Submitted 
**  Sample  Too  Smtill  For  Gradation 


I 


Gradation  Test  Results 

Run  No.  2— Y—  / 
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Run  No 


2-Y-8 


Gradation  Test  Results 


Sample 

Ho. 

i  Dust  Content 
(ng/cu  ft) 

Percent  Finer  b 

y  Weight  f 

500  ji 

250  M 

74  K 

58  to 

36  M 

bh 

100311 

1 

0.2 

** 

- 

a 

2 

0.6 

** 

| 

|| 

3 

0.9 

** 

| 

BBS 

4 

1.1 

** 

5 

5.5 

LOO .  0 

100.0 

60.7 

46.8 

23.7 

raw 

8.6 

6 

1.1 

** 

7 

1.5 

LOO.  0 

100, c 

77.1 

61.6 

23.4 

13.0 

9.9 

8 

2.0 

9 

1.4 

10 

2.0 

100.0 

100. ( 

79.7 

58.7 

33.4 

PHI 

10.4 

11 

1.2 

II 

■n 

12 

0.6 

** 

HH 

13 

1.1 

14 

. 1.4  . 

100.0 

100. c 

65.4 

15 

1.9 

16 

1.0 

** 

..  .. 

17 

2,3 

100.0 

100. c 

73.2 

57.fi 

38.1 

20.4 

10.5 

18  1.1 

|| 

|8ii| 

19 

2.8 

ill 

|| 

20 

1,2 

21 

1.0 

a* 

22 

3.0 

100.0 

100.  < 

51.0 

46. £ 

37.2 

18.3 

10.8 

23 

1.0 

★  * 

24 

1.2 

100.0 

100. ( 

i  53.7 

25 

ia 

*  it 

*  No  Sample  Submitted 
**  Sample  Too  Small  For  Gradation 


BBBBBBBBB 


*  NO  Saaipla  Suteitt««] 

**  Sa»pl*  Toe  S»all  For  Gradation 
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Gradation  Test  Results 

Run  No.  2-V-10 


Sample 

i  Du3t  Content 

Percent 

Finer  t 

y  Weight  j 

NO. 

(mg/cu  ft) 

250  m 

58  4i 

36  M 

18  M 

14.5  M 

1 

0.8 

** 

2 

3.1 

mm 

mm 

3 

3.6 

mi 

4 

9.0 

r 

5 

11.1 

96.9 

96.8 

60.0, 

ran 

vrai 

■CP 

6 

7,5  _ 

100.0 

98.8 

RK! 

51t5 

inn 

■CP 

7 

4S9 

8 

3.3 

9 

2.1 

I 

10 

3.2 

100.0 

97.2 

wm 

ran 

uni 

Bflfl 

■CP 

11 

■Ql 

MM 

ira 

12 

BM 

13 

6.5 

14 

5.5 

15 

_ ill _ 

16 

17 

nil 

100.0 

98.3 

67.8 

64.6 

51.0 

BBSS 

18 

3.0 

19 

3.7 

20 

1.6 

21 

4.9 

22 

13.6 

100.0 

62.4 

31.3 

IB 

23 

6.9 

gn 

24 

■ 

| 

— 

25 

100,0 

95.4 

53.4 

46.0 

29.4 

17.2 

Bflfl 

*  No  Sample  Submitted 
*♦  Sample  Too  Small  /or  Gradation 
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Run  Ho 


2-Y-il 


Gradation  Test  Results 


Sample 

No. 

■  Dust  Cor.Uat 
(mg/ cu  ft) 

mum 

51  Jtx 

36  J3 

1*  ja 

14.5  jo  | 

1 

3.9 

mm\ 

2 

6.0 

3 

6.0 

4 

6.0 

J 

_ 

_ 

5 

8.5 

100.0 

10G.0 

HSR 

BBS® 

ran 

ran 

wm 

6 

8.8 

ran 

miH 

ran 

me 

ran 

ran 

mn 

7 

6.0 

8 

4.2 

9 

1.1 

10 

5.6 

100.0 

100.0 

78.8 

wm 

49.0 

29.0 

19.1 

11 

7.9 

12 

5.6 

13 

5.7 

14 

5.4 

15 

6.3 

16 

1.5 

17 

6.9 

100. G 

100.0 

78.1 

67. C 

41.9 

27.0 

17.3 

18 

1.8 

» 

5.8 

20 

CO 

• 

t T 

21 

6.0 

_ 

22 

11-4 

100.0 

100.0 

87.8 

wm 

54.4 

31.3 

16.0 

23 

6.9  ... 

1 

_ 

24 

13.0 

25 

•0.1 

75.6 

62.* 

34.5 

21.4 

15.2 

*  No  Sample  Submitted 
**  Sample  Too  Small  For  Gradation 


70 


»o_  2-Y-12 


Creation  Test  Results 


&**plr4  East  Content  Percent  riser  by  Height 

u-  4  / -At  1  — 1 —  ■■■"«■  —  — ■  ■  ■  9  —  ■—  r  —  —  ■ 


Ho. 

— 

(^/ W  it) 

500  31 

250  /I 

warn 

58  Jo 

36  ja 

18  V 

GOER  1 

i 

4.0 

■■  '  ■" 

2 

5.9 

1 

3 

6.5 

4 

6.7 

5 

5.9 

100.0 

10Q.Q 

ISKI 

75^2 

58.0 

2 

22.9 

6 

7.0 

100.0 

o 
« 
o 
o 
.  _£± 

53.4 

51.7 

42.9 

BB 

14.0 

7 

8.8 

9 

7.7 

9 

5.3 

10 

7.8 

100. 0 

100.0 

50.6 

48.4 

39.5 

20.6 

14.3 

11 

7.5 

12 

3.2 

13 

5.4 

14 

4.0 

15 

5.4 

16 

2.8 

17 

5.3 

100.0 

100,0 

53.2 

50.8 

39.3 

22.5 

15.2 

15 

2,0 

IS 

4.6 

20 

2.4 

21 

3.7 

■■ 

22 

8.3 

100.0 

100.0 

cm 

ERR 

CRH 

warn 

■mi 

23 

10.8 

24 

14.0 

t-25-, 

16.8 

100.0 

10G.0 

57.5 

54.6 

42.5 

21.8 

15.2 

*  No  Sample  Submitted 
**  Sample  Too  Small  For  Gradation 
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•  No  Saatpla  Suteittad 
**  Sanpla  Too  Sunil  For  Gradation 


72 


Run  No 


2-Y-14 


Gradation  Test  Results 


-If 


Sample 

Finer  b 

y  Weight 

No. 

500  n 

250  » 

,  7 

58  Ja 

36  M 

18  /I 

14.5  M 

1 

6.7 

2 

9.6 

3 

8.7 

4 

10.8 

5 

14.2 

100.0 

100.0 

70.9 

62. 6 

37.2 

17-2, 

■a 

14.4 

100.0 

100.0 

75.0 

69.4 

47.5 

29.9 

20.2 

14.1 

8 

9.6 

9 

5.9 

10 

11.0 

100.0 

100.0 

43.4 

39.8 

24.2 

14.8 

9,5 

11 

12 

5.9 

j 

13 

7.2 

1 

14 

8.3 

. 

IBS 

11.3 

16 

5.8 

17 

10.3 

100  Q_ 

78.9 

72.6 

49.7 

32.7 

22.2 

18 

4,3 

19 

■BEH 

20 

m 

|| 

21 

8.6 

22 

15.5 

100.0 

100.0 

41.7 

39.1 

25*  7. 

IS.  9 

10.0 

23 

11.7 

24 

19.1 

25 

20.2 

49.1 

34.4 

26.4 

11.7 

7.6 

*  No  Sample  Submitted 
**  Sample  Too  Small  For  Gradation 
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74 


Run  No.  2-Y-17 


Gradation  Test  Results 


Sample 

i  Dust  Content 

Percent 

Finer  b 

y  Height  I 

No. 

(mg/cu  ft) 

EHV9 

mwm 

74  yu 

5>1  to 

36  to 

in  to 

14.5  to 

1 

3.2 

1 

2 

HH 

3 

SB 

mm 

4 

5.8 

B 

mu 

5 

12.8 

100.0 

98.2 

40.4 

35.2 

23.2 

14.1 

mm 

6 

tTo 

100.0 

98.1 

■mi 

50,0 

42.6 

27.9 

19.5 

■1 

5.1 

■Si 

s 

5.0 

m 

2.2 

10 

4.0 

100.0 

mm 

vm 

wm 

■SI 

■til 

11 

2.5 

m 

|  | 

II 

|| 

12 

1.7 

13 

3.7 

14 

4.0 

_ i?_. 

_ 6^4 _ 

i. 

■n 

ee 

17 

100,0 

97.5 

51.1 

44.9 

26.5 

15.3 

CO 

• 

o 

r-4 

It 

Pill  1 

19 

wmm 

20 

2.7 

21 

4.0 

22 

6.2 

100.0 

100.0 

75.6 

72.7 

52.5 

33.2 

19.0 

23 

3.4 

24 

mam 

25 

5.8 

100.0 

99.0 

46.7 

40.2 

mm 

•  *  No  Sample  Submitted 
**  Sample  Too  Small  For  Gradation 


n  - ... 


Gradation  Test  Results 


Gradation 


78 


'est  Results 


y 

A 


Percent  Finer  by  Weight  ] 

.  ?.*  n  - 

58  Ai 

36  M 

in  yU 

3  4.5/1 

. 

_ J 

- 

— 

53.1 

39.9 

16.7 

11.6 

mm 

71.6 

55.5 

37.1 

21.3 

13.8 

■j 

| 

62.0 

57.0 

35.3 

21.7 

12.9 

.  __ 

. 

.  . 

81.5 

71.4 

43.0 

24.4 

15.1 

.  _ 

HH 

mm 

mm 

|| 

B 

mm 

8 1. 9 

BBS 

37.5 

19.6 

11.3 

73.0 

58.9 

29.5 

17.0 

MB 

Run  No. 


Gradation  Test  Results 


Sample  i  Oust  Content 
No.  (mg/cu  ft) 


Percent  Finer  by  Height 


58  Ai  I  36  M 


15.3 


16.3 


12.5 


33.6 


26.8 


16.3 


100.0  99.3  53.5  47.4  34.3  17.61  12.1 


100.0  99.7  62.9  58.9  44.0  24,4  15.5 


- - , 

10.8  100. Q  97.7  74.067.0  40,0  19.2  10. 3 


10.4 

8.2 


11.5 

2.6 

11.6 

7.8 


100.0  99.3  77.7  68.9  39.0  22.8  13.8 


100.0  99.9  77.9  71.3  44.2  26.7  14.8 


24  25.3 _ _ _ 

25  14.3  99.61  98.6!  69.91  58.2  26 •  2  |  14.8 

. . . . .  . . . . -  -  ■  - - -  — > 

*  No  Sax pie  Submitted 
**  Semple  Too  Smell  For  Gradation 
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Run  No 


2-Y-22 


Gradation  Test  Results 


Sample 

No. 

Dust  Content 
(mg/cu  ft) 

Percent  Finer  by  Weight  1 

500  H 

250  Jd 

74  AL_ 

58  JU 

36  M 

18  M 

omi 

1 

1.2 

-  - 

2 

0.8 

** 

|| 

3 

1.8 

... 

4 

2.5 

■ 

5 

10.5 

100.0 

300.0 

47.1 

35.9 

24.1 

14.9 

10.9 

6 

5.1 

100.0 

100.0 

..  50.0 

44.0 

26.8 

13.8 

7.8 

7 

3.1 

8 

1.9 

9 

1.4 

MU 

10 

2.1 

100.0 

100.0 

71.5 

60.0 

37.8 

20.8 

tm 

11 

2.4 

ii 

12 

1.1 

?* 

13 

3.5 

14 

3.1 

IS 

1.6 

IS 

0.9 

** 

17 

1.7 

100.0 

100.0 

63.7 

47.7 

25.6 

12.8 

9.4 

18 

1.1 

19 

1.7 

.  . 

wm 

20 

1.3 

mm 

21 

2.8 

22 

3.1 

100.0 

100.0 

77.9 

70.9 

45.5 

27.1 

17.7 

23 

1.5 

24 

3.2 

25 

2.9 

100.0 

97.9 

66.4 

51.7 

29.0 

15.3 

11.2 

*  No  Sample  Submitted 
**  Sample  Too  Small  For  Gradation 


GrtditiM  T?it  Hesslts 

lean  Ho.  2~Y“23 


Sample 

Ho. 

■  Oust  Confiat 
l^/Co  ft) 

Percent  Filter  b 

y  **el  9b? _ j 

500  £ 

inns 

mam 

5S  tx 

36  » 

1*  V 

14. S  jb 

1 

1.8 

2 

5.1 

3 

3.6 

4 

2.9 

100.0 

loe.o 

88.9 

81.7 

54,5 

32,2 

19.0 

5 

— 

100.0 

100.0 

90.4 

85.9 

58.0 

37.2 

21.4 

6 

3.9 

7 

3.9 

8 

4.0 

9 

— 

19 

3.2 

100.0 

100.0 

88.6 

83.1 

49.3 

30.1 

20.9 

11 

2.1 

12 

1.3 

■a 

2.3 

14 

2.0 

15 

3.5 

16 

1.5 

17 

2.4 

100.0 

100.0 

87.5 

99 

44.8 

25.6 

14.2 

18 

0.5 

19 

0.9 

23 

1,5 

21 

3.4 

22 

8.6 

100.0 

99.4 

73.2 

68.1 

42.0 

24.2 

14.4 

23 

1.1 

24 

5.9 

25 

3.  C 

100.0 

83.4 

73.8 

42.6 

21.0 

12.5] 

•  No  Sample  Submitted 
**  Sampin  Too  small  For  Gradation 
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Gradation  Test  Results 


Run  No.  2 -Y-25 


Sacpla 

No. 

Oust  Content 
(■g/cu  ft} 

mm 

IGQKI 

mnrm 

I  58  41  |  36/1  j  1«  .« 

14.5  >i 

*■ 

0.7 

** 

» ■  ■  —  — 

2 

5.5 

3 

3.3 

4 

3.3 

S 

8.7 

100.0 

100.0 

50.6 

44.7 

28.4 

16.7 

11.0 

m 

5.5 

100.0 

100.0 

42.7 

38.9 

22.7 

17.0 

11.0 

wa 

1.9 

t 

2.5 

9 

— 

la 

3.8 

100.0 

100.0 

54.7 

BSI 

36.3 

22.0 

16.7 

li 

2.6 

mm 

HH 

12 

5.4 

13 

2.3 

14 

1.7 

15 

6.2 

1« 

1.1 

17 

5.6 

100.0 

100.0 

75.2 

70.0 

51.2 

29.3 

19.3 

1* 

0.9 

** 

15 

4.9 

_ 

20 

3.9 

mm 

BHI 

|| 

21 

2.9 

HBi 

■■ 

mm 

| 1  ■ 

22 

4.5 

100.0 

mm 

74.3 

67.2 

43.6 

28.8 

18.5 

23 

IBI 

m 

24 

— 

25 

4.6 

100.0 

100.0 

65.4 

56.6 

37.9 

19.8 

14.3 

*  ho  Sa*pla  Submitted 
**  Sawple  Too  Snail  For  Gradation 


Gradation  Test  Results 


Run  No.  2-Y-26 


Sampleji  Oust  Content 
No.  I  (mg/cu  ft)  I 


Percent  Finer  by  Meioht 


*  No  Sample  Submitted 
**  Sample  Too  Small  For  Gradation 
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Run  Ho.  B*»3 


Gradation  Test  Results 


Saaple 

i  Dust  Content 

Percent 

Finer  b 

No. 

<*g/cu  ft) 

500.21 

E33T1 

■1931 

58  JO 

36  jo 

B3HP 

KDOTI 

■1 

-  0.84  . , 

_  . 

|  j 

II 

2 

Ml 

. 

II 

3 

2-o  35 _ 

M 

-  - 

4 

2.00 

M 

mtk 

5 

4,71 

— 

;oo.o 

96.3 

mm 

26.3 

18.0 

10.5 

mm 

• 

3.29 

100.il 

98.1 

4i.  d 

36.6 

22.-4 

RSI 

4.6 

7 

2.22 

1 

1.84 

B 

B 

1.75 

M 

lo 

2.59 

98.8 

96.4 

X9E 

19.5 

n 

11 

3.49 

M 

|| 

12 

o 

CO 

. 

B 

M 

13 

2.53 

M 

14 

1.28 

15 

2.69 

1C 

1.40 

S 

mt 

17 

3.78 

IfiSW 

mm 

mm 

mm 

mm 

mn 

mm 

It 

. -2.61 

- — 

wm 

nm 

19 

4.76 

II 

20 

mm  mm 

na 

21 

1.65 

M 

^Hl 

22 

_ 2.53 _ 

100. c 

98.8 

Bi 

43.3 

25.7 

15.2 

21 

mm  i 

M 

i^pi 

M 

i,<&  '  Hf 1 

i 

24 

_ 3*78 _ 

i 

M 

25 

HBKHBI 

100. oi 

99.1 

49  J 

35.1 

14.6 

6.4 

1 

*  No  Sanple  Submitted 
**  Sanple  Too  SbssII  For  Gradation 


Run  Wo.  B-4 


Gradation  Test  Results 


Sample 

i  Dust  Content 

Percent 

Finer  b 

y  Weight  ] 

No. 

(»g/cu  ft) 

500  u 

.asofi. 

58  Ja 

36  M 

18  fS 

14.5/1 

1 

6.28 

2 

10.4 

_  __  . 

3 

15.3 

« 

4 

19.7 

* 

28.5 

99.9 

94.0 

14.6 

11.5 

8.3 

Ifl 

m 

6 

21.0 

100.0 

93.1 

.  18.4 

J.5.6 

10.9 

m 

II 

7 

21.8 

■i 

■n 

8 

12. ft 

9 

10.6 

10 

10.8 

100.0 

99.8 

23.8 

2  UA 

15.4 

IfSB 

■ml 

11 

15.4 

— 

12 

8.41 

13 

5.23 

14 

3.36 

IS 

3.63 

1C 

3.59 

17 

5.0? 

99..  8 

96.5 

35.9 

33f4 

27.0 

BBS 

■Ml 

Iwll 

18 

4.09 

19 

9.Q6 

20 

.  .03 

■■ 

21 

12.6 

22 

-  -34.2 

100.0 

97.4 

27.2 

26.2 

21.5 

RH 

SI 

23 

25.2 

Igw 

■ 

1:  '  1: 

24 

26.4 

25 

■’2.4 

100.0 

90.4 

12.6 

10.3 

6.2 

3.8 

2.3 

*  No  Sample  Submitted 
**  Sample  Toe  Small  For  Gradation 
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♦***'*«•  *  vf 


Gradation  Test  Results 
Run  Ho.  B— 5 _ _ 


Sample 

No. 

i  Oust  Content 
(mg/cu  ft) 

Percent  Finer  by  Height  J 

500  ju 

250  ju 

7  4  Ai 

58  At 

36  JU 

t  IS  ju  j  14.5  ju  1 

1 

7.85 

— 

2 

12.9 

3 

9.85 

4 

8.17 

S 

16.5 

100.0 

92.6 

12  „  9 

11.2 

8.9 

5.3 

3.1 

6 

13.5 

100.0 

8$’.  2 

12.9 

8.7 

5.3 

3.3 

1.7 

1 

11.2 

3 

7.86 

9 

4.69 

10 

3.84 

100.0 

77.9 

7.7 

4.6 

1.7 

1.0 

0.7 

11 

6.40 

12 

2.64 

13 

3.41 

14 

2.61 

15 

2.72 

16 

1.83 

17 

3.06 

100. 0 

85.8 

15.1 

7.2 

3-7 

1,0 

18 

1.15 

19 

2.95 

20 

— 

21 

4.00 

22 

3.15 

LOO .  0 

87.9 

32.7 

27.8 

19.5 

11^8  .. 

6^0 

23 

3.83 

24 

8.58 

25 

9.73 

LOO .  0 

d3.4 

8.1 

4.3 

1.8 

1.3 

0.7 

*  No  Sample  Submitted 
**  Sample  Too  Small  For  Gradation 


Gradation  Test  Results 

Run  No.  ^“6 _ 


Sample 

Ho. 

i  Dust  Content 
(mg/cu  ft) 

Sl!^X!I9BHBBBHIB| 

Km 

ESSKK 

LZLL.,1.  58  41 

36  M 

lfi  .« 

B3BK3I 

1 

12.2 

2 

21.8 

3 

21.5 

4 

18.9 

II 

5 

40.6 

100.0 

94.6 

10.3 

8.0 

am 

en 

mm 

6 

33.9 

IRil 

IHU 

HI 

7.3 

IRI 

HI 

7 

35.9 

SB 

8 

22.9 

am 

9 

20.4 

am 

10 

16.3 

99.9 

85.4 

9.6 

am 

4.8 

rwa 

R9 

11 

26.7  ... 

12 

8.26 

■  ' 

13 

4.74 

14 

2.13 

15 

4.44 

16 

4.17 

■H 

17 

6.14 

90.0 

Uil 

mi 

6.3 

2.6 

18 

3.08 

19 

BiSPilliBfi 

20 

— 

’ 

21 

10.1  _ 

22 

12.4 

90.3 

30.8 

27.6 

HI 

■Hi! 

23 

6.22 

24 

29.4 

25 

33.0 

ijiiiii 

86.2 

8t9 

5,2 

5.2 

3.5 

BB 

*  No  Semple  Submitted 
**  Sample  Too  Small  For  Gradation 
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Hun  Mr-.  B-7 


Gradation  Test  Results 


|  Sanple 

i  Oust  Content 
(mg/cv  ft) 

Percent 

Finer  L 

y  Weight  1 

fOO  11 

w&wm 

ZL« 

58  A 

36  M 

18  ju 

■a 

20.5 

-  - . "i 

— 

f  2 

27.3 

3 

23.7 

|  | 

4 

23.5 

— 

mammmm 

36.8 

100.0 

94.9 

14.6 

E9R 

mm 

ilM 

rati 

to 

31.6 

100,0 

93,2 

rati 

wm 

1 

ran 

MM 

38.7 

A 

HI 

II 

• 

1S.1 

ppg 

Ml 

§ 

13.5 

■H 

S 

lo 

11.5 

100.0 

89.3 

16.4 

15.1 

11.0 

6.8 

ran 

11 

18.6 

12 

6,61. 

13 

4.29 

— 

14 

3.62 

1 

15 

4.22 

||g| 

16 

— -4»14_ 

|| 

17 

6.97 

100.0 

91.6 

35.2 

33.4 

29.0 

21.3 

12.6 

It 

■n 

1» 

7,34 

20 

-  -0^15- 

21 

PH 

pm 

PM 

PH 

ipgg| 

B 

22 

11-8 

fWWfl 

ran 

■BH 

rati 

wm 

Mil 

ran 

23 

i L-.9 

pm 

■i 

■1 

mm 

24 

KBMb 

II 

S 

ii 

25 

27,5  i 

wn 

jJbHIIJ 

12.7 

8,5 

m 

*  Me  Saaple  Submitted 
**  Baaple  Too  Swell  For  Gradation 
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Gradation  Test  Results 


Run  No.  B-8 


Sample 


nt  Finer  by  Weight 


*  No  Sample  Submitted 
**  Sample  Too  Small  For  Gradation 


Run  Wo.  B— S 


Grz^aticn  Test  Results 


Saaple 

Mo. 

i  Dost  Content 
(*g/cu  ft) 

Percent  finer  b 

y  Wti5hf  | 

500  ji 

250  p 

i  74  p 

59  P 

36  p 

IS  p 

14.5  p 

1 

.26 

■  - 

- - - 

1 

2 

1.11 

3 

.65 

■  | 

4 

1.05 

5 

2.64 

100.0 

ESI 

35.3 

32.4 

PHj§ 

15.5 

Ifl 

6 

1.62 

96.1 

BUS 

MCI 

rm 

§ 

fSI 

7 

. .31 

8 

1.10 

9 

.19 

10 

1.19 

97.5 

92.4 

56.6 

51.1 

34.1 

18.6 

10.2 

11 

1.13 

12 

_R4 

■B 

4.80 

14 

1.14 

15 

3.71 

16 

1.05 

17 

2.94 

100.0 

89.5 

48.2 

44.2 

33.6 

20.2 

12.1 

18 

-  74 

IS 

2.83 

20 

.03 

21 

_ .51 _ 

22 

100.0 

100.0 

87.3 

86.0 

73.8 

50.7 

mm 

23 

1  1 

24 

3.10 

25 

1.55 

100.0 

40.0 

31.2 

19.8 

11.3 

6.6 

*  No  Sample  Submitted 
**  Sample  Too  Small  For  Gradation 
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I 

l 


Gradation  Test  Results 

Run  No.  B— 12 


Sample 

i  Dust  Content 

Percent 

Finer  b 

y  Height  f 

NO. 

(mg/cv  ft) 

500  b 

250  m 

i... 

58  A 

38  ju 

18  H 

14. S  ja 

1 

.35 

■—  — "i 

2 

1.05 

3 

1.52 

4 

2.27 

5 

2.59 

fffSM 

46.0 

33.9 

20.3 

hr 

6 

3.60 

99.2 

_  42. 7_ 

38,8 

Mil 

Ml 

MR 

7 

2.81 

8 

tTn? 

9 

2.17 

— 

10 

BS9HI 

wm 

rm 

wm 

IRR 

11 

3.20 

Mi 

12 

1.28 

13 

1.56 

14 

IMrISHI 

ii 

-  -  r 

15 

1.83 

|| 

MM 

16 

1.32 

17 

2.56 

100.0 

98.9 

57.4 

52.6 

39.3 

23.0 

11.5 

18 

-  1.40 

19 

2.68 

20 

.27 

21 

-Jail, 

22 

4.97 

100.0 

99.5 

83.3 

79.8 

68.5 

43.3 

27.9 

23 

2.64 

24 

4.91 

25 

2.77 

100.0 

'99.0 

38.6 

33.4 

26.8 

15.8 

12.1 

*  No  Sample  Submitted 
**  Sample  Too  Small  For  Gradation 
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Run  No 


B-13 


Gradation  Test  Results 


Sample 

No. 

i  Oust  Content 
(ng/cu  ft) 

Percent  Finer  fc 

y  Height  | 

500 

250  Ai 

,  7.4/ i- 

58  4i 

36  41 

1R  n 

14.5  41 

1 

1.32 

2 

_ 2*12 

3 

2.60 

4 

3.52 

5 

5.4 

99.2 

41.3 

36.6 

29.8 

15.1 

11.3 

6 

6.1 

99.0 

50.9 

45.6 

37.5 

22.7 

13.3 

7 

5.70 

8 

.  4.23 

9 

2.79 

Hi 

19 

3.05 

lBeBI 

99.1 

59.9 

mt 

45.9 

29.5 

IBB 

11 

3.31 

12 

2.09 

mm 

13 

2.31 

mm 

14 

1.45 

IS 

1.65 

16 

2.65 

17 

4.25 

97.7 

59.3 

54.9 

43.4 

31.8 

20.5 

18 

19 

4.07 

20 

.15 

21 

1.98 

-  - 

22 

7.38 

99.9 

72.4 

68.4 

57.1 

37.6 

24.3 

23 

4.57 

24 

5.30 

_ 

25 

3.42 

100.0 

97.8 

35.7 

28.1 

U D 

*  No  Sample  Submitted 
**  Sample  Too  Small  For  Gradation 


Run  No.  B-14 


Gradation  Test  Results 


Sample 

i  Dust  Content 

Percent 

Finer  by  Height 

Ho. 

(mg/cu  ft) 

500  M 

250  h 

74  M 

58  At 

38  At 

1R  JU 

14.5  Ai 

1 

1.19 

2 

1.68 

3 

1.70 

mm 

_ 

4 

2,18 

m 

B 

|| 

5 

2.85 

100.0 

.  98.0 

17.8 

lit  4 

sum 

mm 

■HI 

6 

2.50 

100,0 

97.6 

22.0 

15.8 

KB 

4.6 

wm 

7 

3.59 

wm 

8 

2.97 

mm 

9 

2.97 

1.45 

100.0 

96.0 

18.5 

14.0 

KB 

wm 

ffiH 

1.40 

Bi 

II 

0.73 

11. 

1.28 

.  ..  . 

.82 

mmm 

.  .... 

.72 

1.69 

100.0 

96.7 

32.3 

25,4 

17.0 

9.0 

6.2 

.96 

lo78 

.09 

21 

0.31 

■■ 

22 

.31 

** 

23 

1.64 

100.0 

96.5 

28.1 

25.2 

22.9 

11.8 

7.8 

24 

2.47 

..  .. 

,L-  “  r  ^ 

25 

1.84 

100.0 

96,8 

14.9 

12,7 

11.5 

5.9 

4.6 

- - - — 

*  No  Sample  Submitted 
**  Sample  Too  Small  Tor  Gradation 


*  Ho  Sample  Submitted 
**  Simple  Too  Snell  For  Gradation 


100 


Run  No.  B-17 


Gradation  Test  Results 


*  No  Sample  submitted 
**  Sample  Toe  Small  For  Gradation 
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Run  No.  B-18 


Gradation  Test  Results 


*  No  Sample  Submitted 
**  Sample  Too  Small  For  Gradation 
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Run  Mo.  B— 20 


Gradation  Test  Results 


Sample 

Mo. 

i  Oust  Content 

Percent  Finer  b 

y  Weight  ! 

(mg/cu  ft) 

M23TI 

250  a 

74  to 

58  to 

36  to 

18  to 

14.5  to 

1 

1  1.42  ... 

2 

2.81 

3 

2.47 

.... 

4 

2.32 

_ _ _ 

_ 

MM 

wmm 

100.0 

mm 

MB 

tfm 

ini 

BR1 

Kfil 

6 

ntAn 

100.0 

92.8 

21.5 

16.4 

8.9 

wm 

Ml 

7 

4.22 

e 

3.98 

■a 

1.94 

_ _ _ 

- 

10 

4.33 

100.0 

92.4;  3f/,5 

32.3 

23.9 

10.4 

6.9 

11 

5.46 

_ ..  _ 

12 

2.00 

13 

-2.02 

1 

1 _ 

...  ..  . 

14 

—1.93 

1 

15 

2.18 

16 

1.59 

wm 

MMi 

Ml  i 

17 

2.75 

100.0 

90.5 

wm 

tm 

wm 

wm 

— Ml 

IS 

1.04 

m 

MU 

MB 

1» 

2.38 

wm 

Ml 

20 

4.11 

■■ 

| 

21 

2.53 

mm 

mb 

|| 

22 

WSOM 

ARM 

mm 

35.0 

wm 

■VI 

23 

3.36 

MM 

24 

8.21 

25 

6.70 

100.0 

90.6 

24.2 

15.0 

11.7  |  7.0 

5.3 

*  Mo  Sample  Submitted 
**  Simple  Too  Small  Tor  Gradation 


Gradation  Test  Result 


Run  No.  ii-21 


Sample 

tlo. 

i  bust  Content 
(mg/cu  ft) 

Percent  finer  by  Weight  f 

500  p 

250 jx 

74  n 

58  p 

36  p 

1R  p 

14.5  ja 

1 

3.20 

2 

5.74 

3 

6.9  b 

4 

7.18 

— 

5 

18.0 

Wm 

96.4 

1 

hhh 

‘  "  ■  -  ■  ' 

6.2 

3.5 

Ml 

6 

14.4 

100.0 

97.2 

29.9 

24.2 

16.9 

10.3 

i 

6.2 

| 

12.3 

..  . 

0 

6.65 

9 

3.11 

10 

■1 

94.6 

47.0 

43.7 

33.2 

mm 

wm 

11 

7.30 

wm 

12 

4.71 

13 

9.74 

_ 

14 

4.40 

9.70 

L 

16 

5.30 

17 

10.3 

100.0 

91.8 

21.8 

18.8 

13.7 

mm 

mm 

18 

4.45 

. 

HUH 

§§fl: 

19 

10.5 

1 

1 

JBj 

20 

_ LLlO _ 

21 

6.53 

22 

6.28 

100.0 

98.6 

42.1 

37.0 

22.4 

10.9 

m 

23 

7.83 

'  R1 

24 

12.2 

25 

2.98 

100.0 

90.8 

mm 

6.8 

4.0 

wm 

*  No  Semple  Submitted 
**  Sample  Too  Small  For  Gradation 


Run  No 


D-22 


Ora 


Sauple 

Ho. 

i  Dust  Content 
(ma/'-u  ft) 

500  p 

1 

. 16.3  _ 

2 

4.55 

3 

5.83 

4 

6.28 

5 

1— 

-  u 

100.0 

6 

MH 

99.8 

7 

3 

1 

24.2 

iO 

4.30 

100.0 

11 

7.38 

12 

4.45  .  . 

13 

14  9 

14 

15 

5.94 

10.0 

16 

6.26 

100.0 

17 

11.4 

•8 

5.58 

ID 

l2 . 8 

20 

7.44 

21 

7.3C 

22 

7.76 

23 

4.28 

in 

25 

:  oo.o 

'  *  No  So..iple  Sul'mitted 

j  **  Sample  Too  rmall  l  or  (JroO 


I 

*. 

\ 


SSEjiA'i 


i  2.53 


9.24 


8.75 


■1^56. 

5.81 


12 

2.94 

l  3 

5.43 

j< 

3.75 

15 

3.74 

K 

3.01 

17 

4.42 

18 

1.98 

19 

5.30 

20 

2.89 

21 

9.59 

22 

_ S>££. 

23 

10.31 

2-5 

11.42 

25 

2.83 

*  No  Snnipio  Subiritti 
**  Sample  Tor  fmall  i 


Cirr^tsr-*  ?cs;  S'rj.rslts 


?erc®r.t  rir.tr  fcy  Keighr 

f  >^P-P 

f  253  *i 

35B 

sm 

1  uls*  j 

|| 

■i 

BBS 

i - 

1 

LJ 

[■HI 

flH 

■ 

i 

MS 

r 

mm 

Km 

s 

II 

I 

r 

! 

liipf 

■1 

jioo.o 

r 

9G.5 

ram 

mm 

MM 

mm 

mm 

mm 

BMMl 

mm 

mm 

n 

■■ 

MB 

I 

|  1 

|| 

s 

i 

i 

100.0 

82.7 

19.6 

13.4 

_  8.7 

6.3 

2.9 

100.0 

93.5 

4C.1 

38.9 

34.9 

24.6 

15.7 

100.0 

94.1 

25.5 

16.7 

9.0 

5.6 

3.9 

100. 0 

91.5 

7.5 

3.4 

2.6 

2.2 

1*5. 

sd 

i  or  (»rn-Jntlon 
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Saspics  Dsst  Cestent 
So.  (se/ca  ft) 


C»g/ca  ft)  I  ^og  a  2sc  j,  | *74 

1.78  ?  ^  "™! 


Percent  r iner  by  Height 
j  74  fi  }  58  JO  |  3S  ji  |  18  /j  ll'.Sji 


100.0  96.1 


59.6  85.6  19.6|  16.5 


99.5 

35.6 

24.0 

21.7 

17.9 

10.0 

100.0  I  96.4  45.8  41.8  37.0 


c  No  Sample  Submitted 
**  Sample  Too  Small  For  Gradation 


Run  Wo.  B— 24 


Sample 

Ho. 

>  Dust  Content 

(»g/cu  ft) 

500  n 

1 

1.69 

2 

4.26 

3 

6.10 

4 

7.27 

5 

10.5 

100.0 

6 

U.3 

100.0 

7 

7.41 

8 

7.64 

9 

6.06 

10 

8.40 

100.0 

11 

6.45 

12 

4.62 

13 

5.94 

14 

1.45 

15 

2.90 

16 

3.74 

17 

3.53 

100.0 

18 

4.40 

19 

6.88 

20 

4.73 

21 

5.51 

22 

7.87 

100.0 

23 

14.2 

2-1 

16.6 

100.0 

25 

0.39 

L  .. 

*  No  Sample  Submitted 
**  Sample  Too  Small  For  Grad. 


ier.  Test  Results 


Percent  Finer  by  Height  | 

250  n 

7</“  .. 

53  ta 

36  n 

1« 

14.5  Ai 

95.8 

41.6 

36.6 

30.5 

RM 

wm 

93.7 

45.2 

42.4 

35.9 

20.4 

wm 

.  _  _ 

93.0 

42.8 

40.7 

35.7 

25.2 

17.8 

_  .  _  _ 

96.8 

46.0 

41.1 

32.6 

18.0 

12.4 

r  ,r  " 

— 

B 

| 

96.4 

53.9 

51.0 

40.9 

22.3 

14.2 

- 

95.9 

46.0 

43.1 

34.9 

23.3 

14.8 

-4 


1 


tier. 


Pun  No.  13—25 


(irrrlatirn  Tost  Rrstjlts 


} 

! 


Pur.  No. 


Li-26 


Sample 

Ho. 

r  bust  Content 
(ikj/cu  ft) 

Percent  Finer  by  Weight  j 

500  p 

250  p 

7<_2L_. 

58  P 

38  p 

18  p 

14.5  p 

1 

2.64 

. . .  '  1 

2 

1.39 

i 

3 

2.41 

1 

i 

4 

1.63 

i 

5 

3.52 

100.0 

94.1 

5C.9 

46.3 

40.7 

26.1 

2  n.n 

6 

3.48 

100.0 

94.7 

58.4 

55.5 

45.8 

25.5 

16.9 

7 

4.41 

8 

3.85 

9 

1.39 

10 

3.20 

100.0 

99.1 

69.9 

66.3 

.52.9 

33.1 

19.4 

11 

3.43 

i 

12 

2-  Of) 

13 

0.62 

| - 

14 

0.11 

| 

; 

! 

15 

1.37 

! 

\ 

16 

1,5b 

17 

1.39 

LOO .  0 

97,9 

79.1 

39.8 

54.9 

25.2 

9.5 

18 

0.93 

LOO .  0 

SS.l 

90.6 

187.3 

63.4 

34.1 

17.2 

19 

1.76 

20 

1.13 

21 

0.49 

22 

0.57 

23 

0.83 

' 

24 

3„iu 

i 

: 

25 

2,02 

100.0 

_Uu2_ 

14.  L. 

.in. 2  . 

_ i-JL. 

_ 2^-2— 

*  No  Sample  Submitted 
**  Sample  Too  Small  for  Crodntion 


lil 


Hun  No.  B-30 


Gradation  Test  Results 


Sample 

i  Dust  Content 

Percent 

Finer  b 

y  Weight  j 

No. 

(mg/cu  ft) 

5°LAj 

2?0  A 

56  M 

36  M 

m  » 

14.5/1 

1 

1.48 

2 

1.44 

-  -  -  - 

3 

1.33 

- 

4 

1.71 

5 

3.48 

100.0 

97.3 

48.2 

45.1 

.37.7 

18-9 

11  -8. 

6 

100.0 

98<  9 

61.0 

57,8 

49.6 

29.8 

15.7 

* 

n 

8 

BRIM 

9 

1.05 

.  _ 

10 

2.26 

100.0 

98.7 

42.7 

36.7 

27.5 

13.0 

9.2 

11 

2.09 

12 

2.32 

13 

BRBB 

14 

0.51 

15 

3,09 

16 

2.23 

17 

4.16 

100.0 

97.9 

45.1 

38.0 

29.2 

15.0 

7.7 

18 

msm 

19 

3.33 

100.0 

95.5 

35.5 

30.7 

25.0 

10.1 

7.4 

20 

0.56 

21 

0.59 

22 

0.99 

IKI 

24 

0.36 

-  -- 

25 

1.54 

100.0 

-9.5u.2- 

_2fUZ. 

26.2 

2Q.  4 

_ 2.JL 

*  No  Sample  Submitted 
**  Sample  Too  Small  For  Gradation 
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B-31 


Gradation  Test  Results 


Run  No. 


Sample 

■rrr-i 

PTVMM1 

aid  J  . 

mmim MMm 

msnmmmmmi 

Ho. 

ESS! 

mnm 

58  to 

36  to 

ELKS 

BERII 

1 

0.69 

■ 

| 

|| 

2 

0.85 

•» 

1.10 

4 

2.12 

MM 

5 

1.48 

ETEWIj 

93.6 

51.0 

wm 

39.2 

18.4 

MR 

6 

2.46 

'98.7 

94.8 

1311 

wm 

MR 

mm 

MR 

. 1.62 

8 

1.31 

9 

1.02 

_ 

10 

1.68 

98.2 

MR 

wm 

BHP 

BUSS 

RiS 

MR 

11 

0.90 

ma 

0.29 

13 

0.56 

14 

0.36 

_ 

15 

1.93 

90.3 

50.0 

wm 

41.7 

21.2 

15.3. 

16 

17 

1.16 

97.4 

82.0 

41.0 

36. C 

26.8 

13.1 

11.2 

18 

0.27 

- -  - 

; 

19 

0.98 

20 

0.59 

21 

0.22 

22 

0.95 

..  . 

| 

23 

1.05 

| 

24 

1.70 

100.0 

98.3 

49.1 

45.4 

36.2 

16.7 

10.2 

t=y= 

0.41 

** 

~~  1  ■ 

*  No  Sampie  Submitted 
**  Sample  Too  Small  For  Gradation 
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APPENDIX  III 

SUMMARY  OF  RESULTS  -  LARGE-SCALE  TESTS 


Run  No 


Gradation  Test  Results 
1-Y- 1-12,0 CO 


mm 

i  Dust  Content 
(i»g/cu  ft) 

Percent  Finer  by  Weight  [ 

mm 

mwm 

KBPS 

58  Jb  |  36  ju 

18  /i 

14.5/1 

i 

5.2 

— 

— 

2 

11.6 

3 

MBBm 

HI 

pm 

4 

5.5 

i 

5 

20.4 

98.4 

93.8 

40.6 

29.4 

mm 

1 

BH 

6 

18.9 

97.1 

93.4 

51*4 

mm 

mm 

mm 

WEIR 

7 

19.4 

mm 

8 

16.2 

9 

12.5 

10 

19.8 

99.9 

97.2 

51.1 

mm 

13.4 

7.8 

mm 

11 

16.5 

mm 

I2 

9,2 

B 

Hi 

13 

12.5 

14 

14.9 

15 

10.5 

16 

7.1 

17 

18.1 

100.0 

97.2 

48.8 

Km 

BUS 

im 

mm 

18 

9.4 

j  >’3 

23.5 

!■ 

1  2o 

2.0 

B 

“  -"-I-- 

21 

12.0 

—a 

22 

17.5 

33SSI 

99.3 

68.4 

wm 

mtm 

11.6 

4.8 

23 

25.8 

m 

24 

34.1 

Wto 

96.7 

43.6 

mm 

19.4 

13.3 

10.2 

25 

— 

** 

*  No  Sample  Submitted 
**  Sample  Too  Small  For  Gradation 
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Gradation  Test  Results 
Run  No,  l-Y-2-12 ,000 


EBB 

i  Dust  Content 

Percent 

Finer  b 

y  Weight  | 

■23 

(ng/cv  ft) 

500  p 

250  p 

58  A 

36  M 

18  p 

14.5>u 

i 

0.8 

2 

1.93 

3 

2.77 

4 

4.21 

5 

3.55 

100.0 

90.9 

33.0 

22.8 

mm 

mm 

IS 

6 

3.72 

100.0 

95.0 

57.5 

51.3 

16.2 

11?  4 

Bl 

mm 

2,66 

8 

1.95 

9 

2.25 

10 

3.17 

100.0 

98.1 

50.9 

34.1 

11.2 

mm 

8.1 

11 

2.94 

12 

1.77 

13 

5.62 

M 

14 

3.02 

■■ 

15 

4.52 

16 

...  1.93 

|| 

mfi 

17 

5.00 

100.0 

89.9 

34,6 

22.9 

mm 

mm 

SB 

18 

1.37 

|| 

19 

3.27 

20 

1.46 

21 

0,9 

22 

2.21 

100.0 

90.7 

33.4 

15  e  4 

5.5 

4.0 

wm 

23 

MSI 

24 

■R9HI 

25 

4.17 

100.0 

99.3 

52.2 

37.7 

16.3 

9.6 

6.9 

- 

*  No  Sample  Submitted 
**  Sample  Too  Small  For  Gradation 
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Sample 

No. 

i  Duot  Contant 
(mg/co  ft) 

.  Percent  riner  b 

y  Weight 

wnsss 

250  ju 

7Al* 

!  58  M 

1  36  M 

18  A) 

14.5  M 

1 

6.2 

wm 

| 

2 

12.2 

S 

3 

14.0 

4 

24.2 

5 

13.6 

100.0 

99.4 

52.2 

43.2 

26.3 

18.0 

11.2 

6 

14.9 

100.0 

99.8 

60.1 

49.4 

25.7 

14.8 

9.7 

16.9 

8 

10.5 

9 

6-7 

lo 

14.2 

100.0 

99.8 

53.8 

48.5 

27.4 

16.6 

11.9 

11 

14.7 

12 

_ 2x3,.  . 

13 

10.5 

14 

5.7 

15 

L . «  5... 

1« 

...-15x1 _ 

17 

29.4 

llOQ.Q 

99.9 

40.1 

36 .2 

17.6 

10-3 

6.4 

18 

— llxl _ 

- 

19 

11.0 

20 

14.4 

21 

_ 5.1 

22 

1.7 

100.0 

98,2 

26.3 

20.3 

8„'i 

5.7 

5.2 

23 

_ -ZjJL _ 

24 

15.9 

i 

25 

13.4 

100.0 

99.8 

47.6 

37.0 

16.71  9 . 6| 

- J - 1 

6.2 

*  No  Sample  submitted 
**  Sample  Too  Small  For  Gradation 
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Gradation  Test  Results 

Run  Ho.  l-Y-<.-12,000 


Sample 

Ho. 

i  Dust  Content 

Percent  Finer  b 

y  Weight _ J 

(mg/cu  ft) 

500  ju 

250  » 

58  to 

36  AJ 

18 

14,5  M 

1 

moam 

2 

■a 

mm 

| 

S 

3.2 

B 

|  | 

II 

|| 

|| 

5 

3.9 

100.0 

99.2 

40.7 

22.3 

12.5 

MB 

mu 

6 

2.5 

wm 

ffWl 

16.4 

■ffl 

HR 

7 

2.2 

|  | 

II 

■■ 

B 

8 

2.2 

S 

9 

1.1 

3.9 

100.0 

99.2 

59.9 

42.6 

18.8 

8.1 

HR 

f 

PPI 

— 

■IS 

8B 

Hi 

BBBBB 

HS 

3.8 

1.3 

4.2 

99.3 

97.9 

46.8 

19.7 

mm 

MW, 

2.4 

2.8  _ 

20 

2,1 

21 

2.6 

100.0 

98.8 

84.0 

68.6 

43.9 

mm 

17.9 

22 

0.4 

** 

23 

1.1 

24 

3.5 

Mi 

25 

3.6 

.100.0 

bb 

IS 

6.5 

4.6 

*  Ho  Sample  Submitted 
**  Sample  Too  Small  For  Gradation 
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Gradation  Test  Reoults 
Run  No.  l-Y-7-12,000 


Satipleu  Dunt  Content 
;  (  (mg/cu  ft)  I 


Percent  Finer  by- Height 

Vl  36 Vi  1 


100.0  99.6  66.9  53.6  26.2 


1100. 0  97.8  46.7  37.2  14.9 


(100.0  I  99.3|  29.7j20.0 


*  No  sample  Submitted 
**  Semple  Too  Small  For  Gradation 
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■w 


Run  Ho 


~  „  Gradation  Test  Results 

l-Y-8-12 ,000 


|  Sample 

i  Dust  Content 
{mg/cu  ft) 

FdecGnt  Finer  by  Weight  J 

No. 

500  U 

250  yU 

74  iU-52* 

36  M 

1R  )i 

Esaai 

1 

0.6 

% 

2 

3.6 

n 

3 

-4.9 .  . 

< 

4 

16.7 

' 

5 

16.0 

99.8 

97,6 

51.5 

42.9 

24.5 

12.5 

9.X 

6 

12  -.2 

100.0 

99,0 

64.8 

54.2 

42.8 

25.7 

18.3 

-  7 

16.5 

8 

9.3 

0 

8.4 

12.1 

99.8 

97.9 

60,9 

52.0 

34.2 

17.2 

15.3 

11 

10.6 

r  ■  1 

12 

6.0 

-  v.  -  J 

13 

8.0 

14 

4.7 

_  .... 

15 

,  6.6 

16 

•  7.1 

17 

14.5 

100.0 

98.1 

57.6 

46.7 

34.5 

20.9 

15.3 

18 

8.2 

19 

16.7 

"  1  , 

20 

8.4 

21 

8.1 

100.0 

99.3 

69,3 

62.1 

46.1 

25.0 

21.3 

22 

1.2 

** 

23 

0.03 

24 

18.6 

25 

4.7 

99.3 

98.0 

38.4 

25.2 

10.8 

6.5 

3.5 

*  No  Somple  Submitted 
**  Sample  Too  Small  For  Gradation 
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Run  No. 


Gradation  Test  Results 
i-Y-10-12,000 


? Sample 

■Just  intent 

Percent 

Finer  b 

y  Weight  | 

!  Ho* 

(nvg/co  ft) 

500  M 

2S0, 

58  ii 

36  /l 

18  ja 

14.5  /i 

n 

1.9 

■ 

..  . 

p 

2.5 

■H 

2.0 

.  .  _  .  . 

■B 

2.1 

. 

luj 

HIR9M 

99.2 

97.5 

71.4 

60.8 

48.2 

24.6 

15.6 

99.1 

97.2 

80.2 

75.8 

54.9 

32.6 

21.2 

7 

■ifii 

■n 

MH 

* 

3,.<f 

— 

.  . 

m 

■1 

...  3-3  . 

10 

3.9 

99.2 

98.4 

85.8 

75.5 

45.9 

26.9 

17.7 

11 

1.7 

12 

2.8 

_ 

. 

13 

'  F 

3.3 

s 

.  _ 

14 

2.8 

s 

15 

4.8 

■ 

16 

2.6 

1 

17 

5.2 

100.0 

99.4 

78.3 

69t4 

49.7 

21.3 

13.8 

18 

1.8 

19 

■■ 

20 

msm 

21 

I warn 

mi 

22 

1.7 

100.0 

96.4 

58.2 

51.9 

31.8 

13.7 

9.0 

23 

0.4 

24 

9.2 

25 

3..0 

98.9 

97.8 

57.8 

42.5 

21.9 

12.1 

8.0 

•  Wo  Sample  Submitted 
*'•*  Sample  Tot  Small  For  Gradation 
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1 ‘  *  "*  sThe  dust  cloud  generated  by  a  tandem-rotor  H-21  helicopter  was 

studied  as  a  function  of  type  of  soil,  hover  height  and  disc  loading. 

A  total  of  98  tests  were  made,  and  three  different  test  sites  were  used. 
Samples  were  collected  at  25  locations  on  the  helicopter.  Analyses  were 
made  for  dust  content  and  particle  size  distribution. 

Average  dust  concentrations  at  the  area  of  highest  dust  density, 
i.e.,  at  rotor  blade  overlap,  werei 

Hover  Sampling  Site  (mg/cu  ft) 

Height  Phillips  Vehicle  Dust  Lee  DZ 

(ft)  DZ,  Yuma  Course,  Yuma  Ft.  Benning 


The  highest  concentrations  were  measured  at  the  site  of  rotor  blade  over¬ 
lap,  and  the  lowest  concentrations  were  found  beneath  the  rotor  hubs. 

The  maximum  particle  size  decreased  with  increasing  elevation. 

No  particles  over  500  fi  were  found  at  any  elevation. 

Dust  concentrations  of  40  mg/cu  ft  were  measured  during  takeoff 
and  approach  maneuvers.  With  another  helicopter  hovering  in  the 
immediate  area,  concentrations  of  64  mg/cu  ft  were  measured. 
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